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Galilcm is now nearing tlm one-year mark along its
three.-ym tiircct  IPmlil-to-Jupi(cr  Lransfcr trajectory, having
rccc.ivc~i  ils final illlcrJ]l:ir~cWry  gravity  assislfroIll  Iiar[ilorl
I)cccmbcrtl,  1992. HxccJJ[f  oritsI]igll-~:liIIA  lltctllla
(]](;A), ~aliico is J)crforlllillgt )calllifllliy.  ‘i”hcrc is no
]oll[:cr  ally sigilifical]t  ]Jr()sJrctc  )fdci)]oyirlgl  ]]c]]~A,  Nc.w
fi igi)l sof[warc  an(i groun(i  soflwarc  an(i har(iwal-c,  arc J3cing
(icwclol)c~i  l{)acl)icvc  lllclll:~jority  of G:iiiicO's  ol)jcclivcs
[lsillg O1liyi[sl  <)w’-Ci:tirlA rltcrlIla(I,  (;A).  AtlciisL70
pcrccnl of (im ohjcclivcs  can bc achicvc~i inclu(iing 1 ()()
pcrc.cll[ of tiic. Atnmspimic  Ilnlry Prolm  Mission al)(i tim
rclunl  of liwusands  of the higiicsl-resolution Gaiiicm
~t[cliitci  ll~:l~:c.sc  vc.l-J)l:ir~llc(i fortllcOllJitcrMissioll.”  I’hc.
ill)~]lclllc.rlfii[iorl  of the enabling capabiii[ics  an(i the mission
])i:illzirc.dcscri[)c~i.  Aiso,tllc.r  cslli(so  ftl)c.s  c.cO1l(iIl:ir[ll/”
Moon C.IICOIIII[
sunmarizc(i.

an(i [hc scmnd  aslcroi(i  (I(ia) cncounlc.rare.

1, Introti~lc(io!l

Prcscntiy,  (ial ilc.o is about hal fway aiong its now direct
lP~rlh-[o-Jupi[cr  transfer trajcclory,  as iiiuslralcd  in ];ig. 1,
Galiico’s  flawless cxccutioa  of tim VIiIiCiA (Vcnus-llarlh-
liarLh-Gravity-Assis[)  trajcztory  was complctcd  with lhc
I;arlh-2Gravily  Assist  on I)cmn~bcr8  ,1992. Gaiiico
successfully performed ils sccon(i  as[cwoid  cncourmr  with
l(ia ICSS  tlm  two Inonlhs  ago on August ?8, 1993.

‘1 ‘hc Orbiter wi ii rclcasc Lhc Atmospheric Itn[ry Probe
on JLIiy 10, 1995; fivcl~~c)rl[tls  l:~tcrlmtll  s~~acccraflw’iil
arrivcat  Jupiter on I)cccn~bcr7, 1995 sllct~tllat  O~c Orl)itcr
ovcrilys [hc Probe LO rcccivc. and record lhc dala scnl from
tllc]'rol)c:  isil(icsccIldsiI  llilcJl  ll)i[crat  lllosJ)llcrc.  About
an hour aftcx li]is 75-nlin rc.iay, lhc C)rbilc.r  wili  inilialc.  its
J upitc.r Orbit Insc.rtion (JO]) maneuver.

l’igurc] sllow’sw Jllcrlc  act] Orl)itcr] Jctijovcl  Yass/
satcllilc  cncounlcr  occurs in the orbiter’s lwo-year primary
mission, I<cfcmlccs  1 :~ll(i?] )rovi(iccc )rlll)rc.llc.llsivc
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rlcsclil)limls  of ll]c Galilca  mission, slmczfafl,  ;ild scicrm
payload. Rcfcrc.ncc 3 prcscnls  l’mjccl  slalus as of a year
ace. ‘1’his  ]m]mr foc.uses on GalilcO aclivilic.s  over lhc past
ycm. la rrddi[icm to performing ils second riIId final  llar(t)-
Moon c.llcoulllcr  and the Ma cmcountc.r this pas[ year,
l’mjcct  G:ililc4) complctc41  its cxhauslivc.  canymign  [0 fret
the 116A willlout  succcss  and is now WCII along ii] inll]lc-
mcrlliag the ncw ~round and spacccraf[  Capahilitics  10
pc.rform the missio]l  using the l,ow-Gair] An[crlna (1 GA).
Al lcas[ 70 pcrrm[ of the overall mission objcclivcs  will bc
acl)ic.vc41,  including 1(K) pcrcc.nl  of (hc a[r]losj)l]cric  l>robc
missiorl  and the rclura of thousands of high rcsolu[ion
Galilc.all  satcllilc  ir]lagcs. ‘1’hc  s])acccrafl  hc.al[ll  and
l)cr forlnancc.  arc. cxccllc.nt.

Rcfc.r cncc 1 gives a dclailcd  dc.scriplion of tlIc 1 IGA
and ils anolnalous  dcploymc.nt  sccrlario.  Rcfcmncc  3
clcsciibcs  (I1C aclions  [akcm and Llmc. planrmt  as of a year
a[:o 10 frc,c [hc sl uck ribs. ‘I”hcsc  dcscril]liorls  arc. hi~hly
rcmlllIllc[idc41  [o tlmsc,  intcrcslcd in the 1 IGA problmn. 1 I is
now virtually ccrtair)  [hat onc or both of Ilm rlli(l-ril)-rcstr:iirll
locating  pins of dlrcc. adjaccnl  ribs arc. s[uc%  in lhcir
rcmplaclcs  on llIc ccmlral tower, lhus  binding lhosc.  ribs [0
(hc Iowc.r and prcvc.nling, full dcploymc.n[ of any of lhc olhcr
libs.

Af[c.r a ncady  two-year canlpaiga  of spacccmfl  actions
10 frcl llm slLIck ribs tlmrc  is no longer any significant
prosj)cct  of dc.ploying  LIIC 1 I(;A. ‘1’hc Projcci  is ]wocccding
10 ]mfor[n llm (ialilco  h~ission  will] the. 1 mw-Gairl  Anlcmna

[his illl~)lc.rllclltatiorl  is tl]c ccrllral topic of this paper.
I’IOIN May 1991 tli[ough  July  1992, s])acccraf[  a[tihldc

rnal]cuvcrs were. pc,rformcd  to thcrmall  y cycle [Im 1 IGA to
]11 oducc lIIC maximum possible. relative molion bclwccn the
ribs and the tower; i,c., bclwccn lhc l)irls  arid rcccptaclc.s,
h~o(ic.ling  indicated ttlc possihi]ily  of “walking” lhc. pills ml
of (I)c  rcc.cp[aclcs  in this mannc.r.  Aflcr lhc scvcn[h  cycle in
July 1992, it was clcm this tactic would not work,

1 lowc.vcr, the mos[ aggressive actions were still  ahead
and associa[cd  with Gal ilc.o’s final pc,rihclion  on I )c.ccrnhcr
13, 1992. 1/or sc.vcral  nmrldls  arourld  pcrihcl ion Gal ilco
would bc near 1 ALJ from ttm Sun. l:or lIIC firsl  linlc  since
llw anomaly il would bc possible to cxlc.nd [Im 10WCI 10
assclnb]y dime.nsiolls and also 10 “h:immcr” lhc dc.j)loymcrll
Imllsclcw  wi[tl maxilnuln  lmquc. Imlscs  due. 10 the. warm

tc.rli])c]a[urc  at 1 AIJ.
A slmt llamlncring (c.s1 was succcssfull  y pc[ forincd  orl

[lIc s]w.ccrafl  in Oclobcr  199? [0 dcIIIoIIs[Ialc  lhc rov]y
dc.sigllc41,  norl-slandard  spacecraft scqucncc  for ral)idly
]mlsi[lg lhc (ic.ploy Illolors  on atvd off. “1’hc[l  on I)cccrnbc.r
28 a wallning  klrll  pro(iucc41  maxilnum lowcf cxlcrlsiol),  hut
110 rib rclcasc~i, “1 ‘lIc following day over ?,(K)() ]m]scs were
a])[jlic.d. ‘1’lIc ballscIc.w  roLi[c41 about 1.5 [urns before rc-
Slallil)p,  after a fcw hundred l)ulscs.  l’his  ballscrcw  advarlcc
was vc.ry C1OSC,  10 thal p~c41ic[cxi in groull(i  lc.sls  of ltw sl)arc

}lGA at J1’1.. ‘J’IIc,  t):lllscrcw  advanc.c is fully  con oboralcd
by Ihc 8 clcg furl}lcr dcploynlclIl  of Rib /12 to a dcl)loy  angle,
of 43 rtcg as “scm”  by the sun g:i[c scrmr. Analysis
indicates Ihc force in tllc mos[  kmtcd of tlIc rib-dcIdoy
I)usllrods  was lnor-c lh:in doubled 10 nc.arly 3(XI lbs as a
rcsull  of Ihc ballscrcw  advance, but most unfortuna[cly  [his
is not enough to break lhc rib free from the frictional
binding in the l)irl/rcccp[aclc  inlcrfacc.  lJllinlatcly,  over
13,000 hammer pulses vmrc applied bc.twcc.n I)cccmbcr 2?9
and January 19 with conccntr:itirm  during thcnnal  transients
])roducc4i by spaccmifl  atliludc maneuvers. 1 Iarnmcring
was also done while lhc spacecraft was at high spin (10.5
rpm) in March 1993. Norm of lhis  prortuccd  any fur[hcr
ballsc[cw advance. beyond lhc. rc-s[all  point achicvcd in lhc
firsl  Ilammcrirlg  session of l)cccmbcr  29. ‘1’hc ]’mjccl has
IIow done c.vc.rylliin~,  possib]c  10 free. lhc. ribs. ‘1’here sirll}~ly
is nol clmugtl authori(y  onboard tlm spacecraft 10 break the
rc.s[rainl.

~ll~tq~Moon-2  s~i~r~c~—-. .— ____

Gali Ico had scvc.ral major scic.ncc goats  for lhc sccmd
12irttl/Moorl  cncountcr:  1 ) c:il ibrations  and chcckou[s
rc41uirc(t  by the. inslru[ncmts  to lm]xirc  for J upi[cr ol)c.r:itions,
2) playback of the bulk of the Gas~)ra data from the tape
rcmrdcr, 3) lunar ohscrval  ions, ])articularly  of the norlhc.m
polar regions ]mor-ly observed from I{arth  and prc.vious
spacecraft, ald 4) l;arlh rcrnolc-sensing ohscrvations,
]xulicularly  a rllul[is~wclral  s[udy of a rc.gion in the Andes
Mountains and scarchcs for polar slratosphc.ric  clouds in Lhc
Arlkqrc[ic.  ‘1 “wo olhcr special tasks wc.rc. uncle.rlakc.n: an
o])tical corl~r]lu[licatii~r~s  cxpcrimcnt dc.signc.d by rcscarchcrs
in JI’1 ,’s ‘1’rackirlg  aru3 IJata  Acquisition C)fflcc, and a timc-
lapsc scquc.ncc. of llIc. hfloon p:issing  in front of the I{arlt] as
sc.cn fron I lhc sl)acc.crafl.

‘t ‘hc irislrunlcnl  Calibrations and chc~kouts wrm
lmticu]arly  imporlant duc to Ilm I ligtl-Gairl  Ante.nna
problcm.  }’1 ioril  y was givcm  to aclivilics  which rc4fuirc4t
high data rates so they would not have LO la[cr compctc  for
(1IC very limi[cd  (iown]ink  on the 1.ow-(iain  An[c.rma in [hc
c.vcmt  tllc. 1 lGA remained stuck. I’tmc activities were all
succc,ssfully  car~icd  out, including a very important htissior:
Scqucmcc ‘1’cst for lhc I’robe, a complc.lc “rchc.arsal” of lhc
irlstrurnc.n[  operations during the dcscc.nt lhrough LIIC  Jovian
almospt  lc.rc. All the ir]smrmcnts  on both the. orbiter ami
l’robe were found m bc. in cxccllcnl  hcahh.

‘1’IIc  da[a s[orcd on [tic tape rccordcr  from the Ciaspra
crlcoul]tcr  were comj Ilctc.ly  played back as [IIC spacecraft
a]q~roacllcd (IIc. liardl ar]d a higll-ra[c dmvnlink bcc.anw
availab]c.  ‘1’hc.sc, data have give.r] us a rclalivcly  coml)lclc
vic.w of the, .sIlapc of this  Llnllsllal  t)ody  (I]rol]gl)  onc ro[ation
(};i~. 2). ‘J’hc  data have also allowed (ialitcm  scientists 10
conl])arc  sl)c<[ral data from LIIC Near-]nfrwcd hflalq)in[:
Sj)cclrorllc.tcr  (N1h4S) wi[tl  m[ll[islrcc[ral  irna~cs  from lIIC
Soli(i-Sta[c  ln]aj:i[l~  Sys[ca] (SS1) (O gain nC.W insigllls  in(o
Il]c cllcmishy  of the astc.roi(t. }’rcliminary  analyses show
small, but tlighly  si~[lificarlt  ch;tn~cs  in (hc minerals
Cxl)osc.d  c)lI  (ii ffcrc.]11 parts  of Gaspra’s  surf ace., slrc.ngthcr]  -
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ing lhc. argumcn[ that i[s composition is more similar 10 [hzr[ unils  10 such  loll~-slandil)~  issues as the ori~in  and cxlcmt of
of d)mnally  12volvc.d nwtcorilcs  llIan [k more prinliliw
cllon(irik,s.  Many of tlIc. idc.as and [hurries derived from
study of ~aspra will l)c Ic.skd as the data from [k Au[:usl
28 lda crumunlcr  bc.come avai jablc,

Another  significant finding was cvidc.llcc from ti)c
nmgnclornclc.r c.xpcrimcn[ lhal Ihc magnetic field in llIc
solar wi[l(i  was cjcflcclc4i  ill tile vicinity of GasImr, in a way
c.onsislcnl  with (iaqm  posse.ssing a sig[lificanl  maglmtic
nlofnclIt,  in fact silllila!  10 lilal foun(i  ill Solnc magnc.lizcxi
alc[c.c)ri[cs, AiIhougi)  stiii  tcm[a[ivc,,  tilis  rcsul[  too wiii bc
lcs[c4i by lhc l(ia cx])crimcnls,  wimrc a simii:ir  magnclic
sig[]aturc  is being scarcllc4i fc)r in tk (iata,

‘I”tm lunar (iala corlsis[cd  primariiy  of a sc.ric.s  of
lllultis]mcllai  image mosaics wilh sig[lific.:illliy  ili~imr
sim[iiii  rc.soiu[ion LIEU] [IIC firs[ I;arlii/Mooll  c.ncoulltcr  (ial:i.

‘1’iwsc. (ial:i covcrc.(i [iic iulmr noIlhc.rli polar rcgiol)  arl(i
Collllcz[ witil dtita Eikcm  on ltic.  I{:ir[ii-fiicirlf: lic.lilisl)iic.rc  for
collilmtisolis  wi(ll  glouil(i-b:iscxi (i:ila an(i “~lc)llli(i-lrtllii”
from A})oi 10 saliiplc.-rchirll  si[c.s. ‘1 ‘Imc.  (iala al c. I)cillg
s[u(iic.(i  illlc.nsivciy  10 (ictcriilinc  lilt Iyi)cs of lim iawi flows
prcscrll  iri llw poorly s~u(iic.(i hi~il i:i[i[u(ics,  [tic cx[cllt  of
“cryl)to-lll;ilc’”  (mare basal(s  man[lcxi by i:ilcr cjccl:i  from
larsc basill-folliling  cvclils),  and llic rcialionstiip  of lllc imiar

wila[ arc. know as tiic light  plains units.
Ariotilcr  lurm-related crbscrvation  was made by the

uitraviokt  spcctromctcr  (LJVS),  whicii  measured very iow
cc) Imclllralions  of atomic  hy(irogcn  in the vicinity of the
Moon. 1 a[cr scans of (hc cmtirc.  Earth/Moon systcm
])ro(iucc~i  an ultraviolet in]a~c of Ilarth’s  cxmdrxi hyciro~:cn
clou(i (tile.  “gmcorona”)  bc.ing ckmgatcd  in the. an~i-sun
dircc.tiori  by ra(iia(ion  pressure. Stiii  a slil)jcct  of considcr-
abic [icbatc  is tlic ]msibic.  contribution to ti)csc hydrogen
clouds  by Slllail  comcls  in lhc, viciriity  of the l<kWh which
may in)]) act [hc hloon.

Mui[isl)cc(r:ii  observations of titc An(ics Mountains
wcm simccssfui  iy li]a(ic.  ‘1’hcy arc bc,ing s[li(iic(i along with
J i:irtji-orbi[ai  ali(i  ground-  [~-u[h obscrva[iolls  to improve our
tccimiquc.s  for studying clou(i and ground moisture, slid icc
all(i vc~c.[[{[ion  S[Z{[CS 011 OUr OW lJhTIC.t. ‘1’hC.  NhfS
obscrvatio]ls  of Antarc(ic  ska[os])iicric  cioLi(is  sliggcst tjml
such fcatllrcs,  wiiic.i)  arc important  in [iIC crzonc. dcstruc.[i(m
cyck, m:iy bc prcscn[  later in the. sc.ason more. frcq(icntiy
tim ila(i  bcm thoughl.

‘1’hc ‘l”I)A’s  GO1’l:X  o])lical  col))l]]l]r]icatio])s  cxpc.ri-
mcnl was aiso higiiiy  sucmssful,  (icnmnslrating  tim capabil-
ity 10 (iCICC[  Il)CKi  Ul:i(C4i Liscr cnc.rgy from ground sUtim)s  at
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]’igurc  3. Ikrr[ll-Moorl  Conjunction, llmm{m  16, 1992,

from 6.2 million km.

chxp-sprm  mngcs for llm first time.. Finally, llm Ilarlfl-
Moon ccr~ljunclion  obscrvaliorrs  rcsul[cd in a spccmcular
view of our horm planetary syslc.m  sccrr from the pcrspcc.-
livc of an intc+rnc[ary visilor  walching  h Moon pass in
fron[ of LIE limlh.  l;igurc  3 is a black and whim vcrsiorl  of a
rcprcscnlativc.  frmc from a conl]]lllcr-gcrlcratcd  color
movie of lhc. lransit  based on 50 color inmgcs [akcn crvcr a
14 -hr pcriocl  about 6 million km outbound from [he. ]{arlld
h~oon syslcm.

4 Space.crafl l’crfmnalm_ & ———— —.— . . .. —-— — .—

~.u.~~fgrnlarm S unrm~

Asi(tc. from the. failure of the } 1(;A 10 dc.ploy,  spat.ccmf[
Itcwltlt  aa(i pcrfornmncc  continue. 10 bc c.xc.cllcnt. Galilc.o
has superbly pc.rformc.d all ‘1’rajcc.[ory  Corrcc[ion  h4ancm-
VCJS (’ICMS),  att itudc.  n~ainlc.nanc.c. marwuvcrs,  Ixqmlsion
nlainlcnancc,  Iclccol]ltlltlrlica[iorls,  l’robe chcckou[s, scic.rm
acquisition, and activilic.s  rc.latcd  [o tlm IIigk(iain An Lc. nna.
Sirm Sc.ptcmbcr 1992, Gal ikr  has pcrfomcd  five ‘1’[:h~s,
Iwo I’I obcr syslcm Chcc.kouts,  nine.tc.crl lhruslc.r Ilusllirlg
n]ainlc.nancc,  aclivilics,  scvcntcm  auimdc. control nulink-
narm Iurl].s,  :i host of cngimzring artd scic.r]cc calitmliold
cll:lr:lcicri?:ili(~ll aclivilic.s,  rc[uril of all the. Gaspra cncoun(c.r

data and tllc Ikrlh-?.  crvmuntc.r data, a (ialilco  Optical
(Iornmunicalion  Iixpcrimcnt  (GC)}’FiX),  in[ensivc. 1 lGA
Inolor  hammc.r aclivitks following  l\arlh-2.,  and the ]Cta
cmc.ounlc.r.  A Radio Relay An[cnna (RRA) SICW tcsl was
pcrformc.d  in April 1993 to c.hamctcrim the SICW pc.rfor.
mane.c. of the RRA.

‘1 ‘hc sj)acccrafl  also cornplctcd  scvc.ral special tctcmnl-
n]urlications  tc.sts,  including X-band RI; uplink  and down-
lir]k tests to dctcrn~inc. if the asyli]nmt[ic.  I)artially  dq)loyc.d
1 IGA has a usable gain lohc.  Olhc.r  S-hand lC.SLS  wcm
conduclcd to verify/charactc.ri7.c some of tl)c tc.lcmctry
design irnprovcnmn[s nccdcd (o carry out [IIC Galikr
mission using the S-band 1 mv-Gairl  Antcma.

lT1 supporl  of the. I lGA anomaly efforts, intc.nsivc  }lGA
motor pulsing activities wcm pcrfor[ncd from late IIczcmbcr
1992. through n~id-Jarluary  1993. A total of 13,32.0  motor
pulses were. cxcculcd bc.twc.c.n I )c.cc.mlm 29, 1992. and
January ]9, ] 993. ]iach  ]JUISC  Sinlu]l:il)cm]s]y  al)p]ic.d power
to bdl 1 lGA dc])loyl~~c.rlt  motors for 266 Ins. 1’UISC m ins of
1.?.5 IIz arid 1,8751 lZ duty c.yclc.s wcm usc.d,

Ihrrirtg  tttc p:isl  year the ACYIX bus imbalance
continued and the, [k)n]n~ard  arl(i I):ita  Subsys[c.m  (CIJS)
spurious transicn[  bus rcsc.1 power-on-rc.sc.l (1’01<) anomaly
rczurlc.d (t)otll  arc. discussed in Rcfrxcmcc 4). ‘1’hc  cause for
IIlc.sc  ano[nalic.s  is bclicvcd  [0 bc slip-rirl~  brush wear clcbris
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which builds ul) and forms c.onduclivc padIs aIIlong Spin
llcaI-ing  Assembly (SIIA) clc~lrical interfaces. lntmlsivc
Cround lcsls (fcnlol]slralcci  that  ltw (tcbris  paths arc clc.arc(i
with low currcnl ICVCJS  (Icss lIMII  100 n]A) and consc-
qucll[ly  dic.rc is Im thrm[ [0 11u3 sf)acczrafl.

‘l”hc fr)llowilq:  para~rapll.s  brief’iy Sull[llulrizc.  by
suhsyslcrn  lIIC slmccc.raf( Iw.alth  anti Pcrforlnancc  SillCc.
Sc.])[cllli)cr  1992.

‘1’tlc hcrrilil anti ])crfornlancc.  of tiIc tclccolllll]t]Ilic:\tiorls
suixsys(crn  cquipn)cn[ is CXCCIICIM.  Asitic from the. }IGA
almnal  y, the S-ilan(i  ra(iio  rc.ccivcr, Wrnsm itlc.r, conmawi
digi[ai  ciclcc.[or  an(i 1 m%ain Aalcnna  (1 .GA) arc func[ion-
irlfl wi[ilill  sl)ccificrr(ion. l{ccc.IItly ill JUIIC 1993, tiIc X-haII(i
Uanslnil[c.r  c41uipmcnl  was powcrc4i  for lhc first lim siacc
launclI  [o sul)lm-[  an lICiA (iownlink ci):tractcriz.:  ~tio[l  tc.s[,

Al i of (ilc. X-hand transmi[tcr  equipment functioned nor-
rlmily  an(i wililin  ]mc.diclc~i vaiucs.  Scvc.rai pcrio(iically
])iarlrlcxi lc.]c.colllrllllrlic~l[  iorls [csL$ wc.rc  I)c.rfonncd in
sup]mrl  of con[i]luc<i rou[illc ])crfornlancc.  11 cnd anaiysis.
A nu[]ilwr  of major special ICSIS were also ixrformcxi [o
C.haractcriz.c tlic partially (icIdoycd  llGA and to coiic.cl
lc.ic.rnc[ry  i~cr formancc.  in foruna[ion  10 suplml  lhc Gal ilco
mission using (1IC 1.GA,

An X-bmi uplilk (7167 h4 i 1~.) (ml was con(iuctcl  in
March 199310 cic(crminc if h asyrnrnctric  lmr[iai]y
(icployc.d  1 I(;A has a usabic  gain iobc.  ‘J’CSI  rcsul[s  sug-
gcstc.(i  [ila[  a gain 10J)c about 4 to 7 (ill bc.uc.r tilan lilt 1 KiA
may cxisl almul  1 dc.gi-ec  off borcsigilL  Suhscquclltly,  in
late June, 1993, an X-bard downlink (842.0 Ml lz.) survey tcsl
was condumd.  l’hc X-band signai  was intcrrnitlcni]y
(ictcc(c(i hy tiIc Dct.j) Space Nc.twork (lJSN) rcccivirlg
aa[cnna as lim sprrccc.mf[ was hrrncd ai~oa[ ~ ’20 dcgrccs  off
Iiar[h-line. A detail gain lobe survc.y  was pc.rforrncd every
0.2.5 dc.g[cc bc.[wcm O arid 4 (icgrc.cs off borcsigi)t.  Ilita
analysc,s of tile dowlllink  lCSL arc irl process with frnai
rc.sui[s cx]~clcd  late.r lilis year; prciinlinary  rcsui[s  in(iica[c
that no usahlc gain lotm c.xisls.

Ano[im set of (iowniink  lC.S[S  were con(iuclcd  in Ai]ril
an(i h4ay 1993 using Lhc, S-band transmiucr  ilardwarc.,
‘Ihc.sc.  Ixlrfor-lwrncc  lcsls  were cor](iuclcd  to verify Iilc
])rc~iic[c~i  iny)r ovcrnc.tl[ whcm using  a su])prcsscd  car I icr
rno(iuiation  tcchniquc  with ttrc l)SN l~,nginc~ring  Mo(icl
a(ivarlcc4i lc...civcr. ‘1’i]c tcs[ dc.nmr]s[ra(c<i  [Ila[ obscrvc4i
]Xrforinallcc.  was nc.ar lilt  dmxclicai  ]wcdiclc<i  vaiuc.;  i,c..,
abouI a 5.5 d]] illq)rovcmcn[  was achic.vc{i.

1 Ml irlg llvc liaIlll-2  flyi)y in IWc.n]l)c.l  1992, large
(--t (ill)  [clcmch y ]mrforrnancc fluc[ua[ior)s  were obscrvc(i,
Icsui[irlg  ill Sorllc (iata oulagcs,  Ai[hou[:h  sonm tcic.rnclry
dc~l a(ialiorr was Cxlrclc(i,  lIIC ohscrvc(i  pcrfonnancc  was
wor sc Iimrl  cxJmlc4i. Suhsc.qucr]l  (ictai ic{i  al)ai ysis rcvcalc4i
liml tlIc (ic.gI a(ialion rc.sui[c~i  from liIc ur] iquc. fl yby gconl -
Cll y coa(i i lions wilicil  ]mxiucmi tc.lccorllrll(]  llic:lliorls”  com
:il)~ic.s  UI) 10 130 (icgrccs. At sucil  large al@cs, rnc[al mis
within  the 1 IGA [ii) simic locatc<i  un(icr [he. 1 CA cause.d }{1;

n~rrlti])a[il  irl[crfcrcncc, tilcrcby disrupting the RIi link. As
Lhc spacecraft trajc.c[ory moved away from I;ar[h an(i stored
scqucncc  at[i~udc-upcfatc  turns were complctc<i, lhc tciccon~-
munic.ation  cone arlglcs  (iccrc-ascd and s[ahlc. tclcmctry
])crforrnanc.c rc[urllc(i  to Ilcar pmiic[cd  vaiucs,

4,3 Pmvc@’YRo

‘1’l)c  power/pyro har(iwarc  is functioning cxccllcnlly.
‘j’otrri lmwcr  out~mt from liIc Rrr(iioisotopc  I“hcrmoc]cctric

Gcmralors  (1<-1 ‘Gs) is abm onc pcrccnt  below prc-launci~
])rcdiction.s. All power electronics co]]trol an(i switching
functions conlinuc 10 opcra[c  pcrfccliy. On the I{arlil-2
appl”oaci) (l-:ljcclory, (hc I’roi)c  Power lnkxfrrcc  Unit (1’P]LJ)
an(i tiIc l<a(iio Rciay I lardwarc (1<1<11) rcccivcrs  were
rcj)owcrcd  for the first lime since I)cccrnhcr ] 99010 sulqmrl
lIIC firs[-ever inflighl  l’robe Mission Scqucncc ‘i’csl (MS’1’)
an(i arr abiwcvialcd S yslcm 1 ‘urlclionat  ‘1’cs( (Sl~l). Aii
i)owcr hardware functioac{i  properly.

la ad(ii[ion to norn[al  powc.r  conlr-o]  functions and
aclivi(ics,  a series of commands were cxccmlcd from [Ire
s[orcd  scqucncc in Al)ril 1993 to CIOSC ti)c, contacts (if
ina(ivcr[crltiy  o])c.rlcd during the launcil  ]Jilaw’.)  on scvcrai
sl)arc unu.mi power swi[ci~ing rciays  to rcciucc ti]c possibil-
ity of intc.rrml  c.lcctroslatic  (iiscimrgc  (111S1))  events in [i]c
Jovian cmvirorunc.n[  due m “floatirig”  ungrounded wires.

In tile. pasl year only onc pyro event was planned and
(hat was compic.tc.(i pc.rfcc[ly. On Marcil 4, the Ilnc.rgclic
l’arlicic  IIYcclor (IH’1)) insmumcnt prolcclivc  sun sila(ic  was
rc[rac[c.d 10 provide a fall clear 10’1> field-of-vic,w for
Jupi[cr  opwations.  This event was [iw last  planncxi  J)yro
cvc.n[ prior 10 Probe rclcasc  schcduicxt  for Juiy 1995.

The oniy power anomaiics  observed arc those associ -
alcd witil tim on-going ACYIJC bus imbalance caused by
siip-ring  brusil  debris. Aii the observed bus imbalance
changes arc benign, undcrmod,  and do not pcrsc  a threat to
li)c spacecraft (Rcfcrcncc 4).

‘J’ilc Cornman(i  and IJa[a Subsys[cm  (C3JS) and ti)c tape
rccorxicr (I Jh4S)  arc in cxccllcnt  hcaIth and continue to
opc.ram  flawlessly. A CIX memory tc.sl was performed in
late Oc(oik.r  1992. ‘1’hc M( activity rc~ad out tile cmtirc CIXS
mc.nmy. No nmnory p:iri(y crjors  were observe.(i, li]us
l)roviding  c.onfi(icncc ti]at (IE 6501 RAM memory ci)ips  arc
fuac[ioning  prqmly.  ‘l”hc CI)S continues to J)roccss  and
cxccutc  all cornrnarlds  ard slorcd scquc.nccs  pc.r-fcclly.
‘J’clc[rm[ry  nwasurc.mcnt  colicc[ion,  prc)ccssing,  and format-
ting functions arc also ol)cra[ing perfectly. Many slorczi
scquc.ncc.s  containing from ilun(irc.(is  to scvc.ral lhousarr(i
c.ornrnan(is  ilavc i)ccn c.xc.culc~i inclu(iiag’1  ‘C MS, }’1 ohc
cilcckou[s, llGA ac[ivitic.s,  Iiarlh arxi l(ia c.ncounlcr  activi -
lics,  and special charactcri~:ltion  tcs[s/funclions.  Rctunl  of
l(ia (inla usirlg,  tile CJ)S and l)h4S  to J)crform  silorl-burs[
rncmory  rc.a(iou[s worked pcrfc.ctiy  (iaring tile pianacli  early
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rclul-n  of some lda data in Scptmbcr  1993.
‘1’lm  0 JS cxpc.ricncc4t five spurious lmsicnt bus-rc.set

1’01{ anomalies Ibis summr. Aflcr 692 days willmu(  such
an anmaly, INKS reset cvcm rccurmt on June 10, June, 17,
July 10, Julyll,an  ttAugusl 11,1993. No O)S critical
co[ltrollcrs~)llriotls  lr:irlsic.lll  (clcIllclryl’  01<  indication has
c)ccLlrrcd  sirlcc  Novc.l[~l)cr 30, 1991. Asdcsigncd,  cvcl-y
bus-rc.sc.l  event rcsullcd in onc side of [ho lm:illcl  operating
(;1)S “going down,” hailing of all slcrrc.d  sc.quc.ncc aclivily,
and cn(ry inlo  safing. ‘1’hc cause of lhcsc.  ancmalics  is
consis[cnt with Spin Bearing Assembly (SIIA) sli])-ring
brush dc.bris forming unwanlcd circuit pa[hs,  c4M1j)Ic41 with
sil])~lll:il)colls sli])-ring  l)rl]stllifls.  SccScctioI171)crcil):irld

Rcfcrc.ncc 4.

~,~ .At[i[ud~ t\lld.AIl.i_cNL]t  i(2K<>[~!@_f&AgSl

“1 “he. hardware and soflwarc,  Cfcmmlls  rc.s]mrlsiblc. for all
atlilll(lc.coll[rc)l  and pointing fll[lc[iolls  colltilltic  to])crforill
cxcctlc]illy.  Scc Scc[io116for  disc[]ssiollOf  ol~c.  groLl[l(l-
il[(lllccdillcidc.111. ‘J’tlclct  lasl)c.c.[ll  locvi(lcnccoffii  illlrc.  or
anonlaly  ill ailyof  the.”1’CC-2.44 RAhJ nmnorychil)s.  “l”hc
AAC3 syskrn suI)crl)ly  su])porlcd  the Iiar[h  cncountc.r
ac[ivilicx  an(l (lIc ]da approach o]xical  navigation and

cncoun[cr  imaging ac[ivi(ics.
1 ~ivc 3’C:MS were flawlcssl  y pc.rformcd during lhc pasl

ycm. ]rlcvcryc asctllcAA~ Scar lic.doL1l  [llcdclta\'cloci{y
nlanc41vc  rsaccuralclyand  well willlin  pc.rformancc spccifi-
ca[imls. AA(3  also suppor[c .dn~any}lC  ;Arccovcryaction
aclivitic.s including 1 lCiA n~otor-/mwcr-war  riling  turns and
tllcllGA  X-l~ar~d  RI~-cti:irac.lc.  ri~.a[iorl[csts.  Scvcralturlls
rangirlg from 20 to 45 dcgrccs off-Sun were conttuctc.d;  all
wc.rcpcrfornlc4t well within s])ccificalion.

lnn~ict-January  1993,  lwofirsl-tirnc.  acliviticswcrc
complclc. d. Aclocksystcm  (s])acccrafl  scan pla[form
azinlolh  conlrol)  idcnliflca[ion  was pcrfor[t]c41  10 dclcmiac
flc.xit)lc l)(xtyslrllctllrc  lllo(l:it cllaractc.ris[ics. ‘1’llcstruclurc
was cxci[cd using five diffc.rcnl  SRA lorquc-rnotor  pukw
widths. l’rcliminary  analysis indicakxno  significant
flcxil)lcl )wlyl~~c)dcsv’crci  dcrltific(l.  late.irlJanuary,thc
AAC% was complcmt y reloaded with the phase. 12.0 flight
soflwarc.  'l"tlis  sof[w'arc  vcrsionc  nablc.(!ca rtyvc.  rific:ilic)rl
of[llc.  10.5rJ)rll  s[Jir~ll]~/(!owll  cai)al)ilily  rlccxlcd  fo[ l’robe
rclc-ascand  [llc40(LNc  1)gincfiringsirl  199S and 1996.
l’liorl(>lo:i(lirlg[llc.”  12. Osc)flw’arc.,  rllclll(Jry tcsls\\’ctc
])crfol ii)c(i verifying Illat all [he. AA(X 2’CC-?44 memory
ctli~~s arc fur]ctional.

As lmr[  of [IN load in: prcxcss,  cacll 32 Kby[c. Ilalf of
AA(X nmn~oI  y was sc.par-a[c.ly  lcstc.d  al)d verified before
Ioadirlg the l)c.w’ soflwarc.  lrnnlcdia[cly  after swapping 10
the A nmmory coll~ailling  II)c.  nc.w software, tllc.  SMI
pla[form uncxpcclc.dly  slc.wcd at a high ralc. and hit [hc ~cro
dcgrcw cone. angle s[ruc~ural  nm%anical  SK)}). Analysis
rcvcalc41 [IM [hc arloml y was duc to a sof[warc liming flaw
that c.xis[c41  before launch and was no[ a rc.sut[  of the. 1’2.0
sof[warc.. ‘1 ‘hc anomaly can occur only af~c.r a nlcrnor  y swa])
ald wlvat  a uriiquc  da[a sampling [imin~t  c.onditiorl  c.xisls. A

soflwarc palch was Ioadcd shortly thcrcaflc.r  to prccludc  a
rcl.urrcncc of this anomaly,

III March 1993, while 1200 bps cngincming  (clcrnctry
was still availah]c, the. firsl-cvc.r  10.5 rpm high-ra[c sl)in up/

down flighl  capability was dc.monslra[cd  wilh the IICW
so flwarc. ‘Ihc sj)acccraft  actlicvc41  lhc high s})in  rate
wilhou[ irlcidcnl and was kcpl at high spin for about 48 hrs
bc.fore spinning down and returning to the dual-spin nmdc.
Analysis indica[cs  WOM)lC  was aboul 2 mrad hi~lwr than
cxpcctcd;  the cause. is twing invc.sligatcd.  (Mm dynamic
signatures were as cxpcclcd,

A scan platform ovcrlravcl  test was pcrfonncxi in late
hflay  1993 m dcmlonslra[c  [hat lhc pla[form can bc .safcly
slcwcd LImuughou[  the. 180-1021 ()-clcgrcf. cone-angle
rc~iol], Scan ac(uam friction ct]ar:ic.lcri~. atior]  data was
collc.clcd during this lcsl. Pdiminary  analysis ildicalcs  no
anoml ics and (tic scan ama[or  friction lCVCJS arc consistc.nt
with prc-lc.sl  cx])c.ctatim)s.

4.6 l’ro!)ulsion

‘]’hc. I)ropulsiorl  subsys(crn,  which was built by MlIll
(Imw 1 )ASA) and provide.d by ttlc I;cdcral Rc.public of
(kmnany, is hcal~hy and has supc.rb]y pcrformc41 all a[lim(ic
change and nlain[cnancc.,  vctocity  change mane.uvcrs
(1’CMS),  wanaing  aclivity  hmls,  and the high-rate spin up/
down activities. All propulsion-related activities arc
pcrfor(nccl via on-board stored sc~lucncc.s prepared by the
}~light  ‘1’c.am. ’10 date, lhc.rc has bmn no spacccraf[  closc.d-
locrp  control of dclla vc.locity  n~agnitudc, All TCh4s  were
performed nor[nal I y with cxcculion  cn ors of less than 1.5
pc.rccllL

‘f’hc 10.5 rlm spin up/down aclivity  was J)crformcd
using LIIC S-thruslc.r 1.3-SCC on/3.9-see off duty cycle for the.
firs( [in~c.  1[ look 312 thrustc.r  pulses for the spacecraft to go
from alt-spin  at 2.89 rpm to 10.5 rpm; the sl)in  down
rcqairc.d  313 Imlscs.  Iloth  val ucs were near the prcd iclcd
number ncz.dc.d  at the cxisling  RPM tank pressures.

Ihrring  tl)c 10.5 rjm~ sl)in down ac[ivily  lhc S1 A
Ihrus[cr (S/N17) cxlmicncc(i  a minor tlmnal  anoalaly.
Review of ground tcs( data for that thruster and o[hcr flight
Ilu’us[crs  showc41  similar thermal behavior even aftc.r fc~cr
pulse flrillgs,  alt}cil  al Scrmcwhat higher pr”cssurc  conditions.
‘1’tlc  observed [hcrmal rcsimnsc. was concluded to bc a
Iiormal  O}mtitiog  Sigllalurc. and pmc.s no tlucal.

All pressures and tcn~l)cra[urcs have rcmainc.d  wilhin
accclmlblc  1 ilni(s ard of lIIc. total usable pro]rcllalll  load of
925 kg, about 165 k~ have t)ctn used to dam.

All s]mccl-af[  [crnpcr~turc. rcquircrncll[s  arc hcing nict,
aside. from scvc.ral hardware. tc. mlwra(urc  lirnil  violations
specifically waive.d by [IIC ]’rojcc[ in suppor[ of }lGA
rcmvcry actions and tlm c.xl)cclcd MACi illtmard  sc.nsor
Icmpcralm cold- limi[ viola[ion  for solar dis[anccs beyond
2.? All,
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Mainlining prcqrcr tbcmnal  control  during  tlm past yc.ar
was a challc.nging  lask. ‘1’hc spacecraft ltajcclory  wcml from
atx)u[  1.4 solar All (inbou[ld to ILrrth) [o about 0.98 ALI
(post-  I;arLh  flyby pcrihdion)  and OUL  LO about 3 ALI at LIE
lda c.lvmun[c.ro  ‘1 ‘I]c. spacccraf[  altitude, cx[rcmcs  varic41 from
I]car Sull-pc)irll  at 3 ALJ 1045 dc.grccs  off-Sun at 1 ALI. in
;iddilion  [0 significant variations in solar llcat input, nunmr-
ous sctlllc[lcc-])l:ir]llccl  clc.clrical  load rcconfiguralions  were.
(hcllllaHy  :lccolIIIllo(l:  i[cd. “1’0 take full advanla& of lIIC.
solar collditions  at 1 AL] for llGA tow~c,r/n)cr[or  hca(ing, two
off-Sun lhcmnal cll:iractcriy.ation  tests wmc colduc.(cd cm [lIc.
]{a[ (I I-2 illbounci [rajcc[ory  to collect ncmlc.d info~  ma[ion for
sct[illg  (hc s]mccmift  tbmnal  SMIC at 1 All. As a JCSUI[  of

[lIc tbcmnal [csls,  several clcclrical  load slam wc.rc nmdi-
fic.d, providing high confidence lhaI lbc, planned near-lkulll
I l(iA aclivi[ic.s  could bc. done, Mfciy.  ‘1’IIc s~mc.c<.raft
lhcrl)lal  rcsp(msc  during lIIC 45-dcgrc.c off-Surl activily  at
1 AL I was care.fully moni[orcd to assure tha[ all Imrdwarc
Icinail)cd wi[hin  safe thmnal  limils.

‘1’wo  Incclmllical  dc.vice aclivilics  wcm complclcd  ll)is
yea!: tlic 111’11  slll)sl~a(!c.-rcLr;ic[iol~  pyro cvcnl  and tbc RRA
slc.w~-cll:ir:~  c[criz.:itiorl lc.s1. 110[1] activities were pcrfooncd
imr[c.clly and Wilhi]l  I)rcLticlcd  values. I)clai!cd  analysis of
tllc  RRA slew data was rcccm[ly  com])lc.tcd  and confirlncd
prclilnin:iry  rcsu]ts  indicating all RRA control  and monitor
bmlwarc  arc. fullc.tiol~ing propc.rly.

4Ji .J:robc Ct)cckmlls

On the l\arltl-2.  inbound lrajcc[ory in n~ici-Novcnlbcr
and earl y Ilwc.mbcr  1992, two l>mbc. chc~.kout ac[ivitic,s
Wc,rc ])c,rforlilcil m tnkc, adv:inlagc of lhc high (Ia(a r:ilc near
llarlll (28.8 kbps). ‘J’hc firs[-cvc.r  inflig,h[ Mission Scquc.ncc
‘1’c.s[  (MS-I’) was conducted 011 November 20, ‘1’his  tc.s[
llmroughly  lcslcd  all the }’robe scicrllific  il]slrunmnls  and lhc
aclual I’J obc mission scqucncc.  Srrbscquc.nlly,  on l)cccmbcr
2, lIw newly gcrlcraIcd  I’Iobc Abbrc.viatcd  SysIcm l~unc-
[ional ‘1’csl (AS1~l’)  was performed, The, AS171’ is a signifi-
Cal)lly  scaled-dowl] vclsion  of lhc Syslc.m l:onctimlal  “1’c.sl
for wsc wilt] tbc I GA 10-bps dala ralc [o check I’I obc
lM(LCI y vol(agcs al](i cxpci argon gas fronl IIIC Nc.u[ral Mass
S])cclron~c.w (Nh4S) inslrumcn[  bc.fore. I’mbc Rc.lcaw.
1 )a{a anal ysis by NASA/Anm, 1 Iugl)c,s Airc.r afI Cor])ora-
lion, and l’robe scicllcc  l)crsonnc]  cone] udc(i [ha[ ll)c.  l)mbc
arid till ils ins[runlcr)[s  sic. Ilc.althy aild ful]c.  [ioncd  prolmly.

All [Im orbi[c[ scicncc  ins(iurncllts  arc hcal[hy and
futiclioncd cxcc.llcnlly  clurillg  liarlh-2 and Ida cncourl[cr.
OIIly one. irls[rulnclll,  tbc. ultraviolet sl)c.clrornc[c,r (lJVS)  lIas
slmwn ariy indicaliorl  of a Imsitdc Imhlcm. IMrinp,  lhc
iiallll-?  a]qmactl  aflcr LJVS ]mwct  turjl-orl,  lc]cnlclry
iridicalc.d  lhc. illslrumcr]l  was nol cotlfigurcd  10 ltlc cxlmclcd
sla[c. Subsczlucn[  irlvcs[igalio[)  by (IIC ]Irir)ci]xil
invcs[ifyilor’s  lcaln  Collcludc(i  lllat ltm iltll)lo[)cr  s[alc  was
Iikcly  [I)c  rcsull of a “1’CT-?44 mc.rnory sinf:lc  bi[ fli])  cau$cd

by a Wmsimt  read-disturb error. Aflcr [bc UVS was reset,
lbc inslrumcml  opc.r:itc,d  flawlessly.

j, l:r<oI@larll  Margin

A Wailed sununary  of Galileo propellant cxpcmliturc
boll] complclcd  an(i planrrcd  was provided in Rcfcrcmcc  3.
‘I”hc continuing cxcclicrlt navigation and Spacczrafl pc,r for-
marlcc, csJ)c.cially  al I:arlil-?., have. saved about 5 kg of
propcliarlt  with rcsI)c.c[ to the past year’s budgc(. A ncw
s{atisiic.at  n]anc.uvc,r  stralcgy for ti~c maneuvers a fcw (iays
before an(i aflcr tbc JOl, parlicuiarl  y adding an cnc.rgy  -
Cor[cc[illg  mane. uvc.r one. day aflcr JOI, rc4iuccd tbc Jupiter
]dmsc s[alis[ical  pro]wlhnt rcquircmcnt  by 25 kg. } lmvc,vc.r,
!ilc rcduclion  in navigation (iata available over [hc 1 ow-
Gail~ Antenna [iurin~ ttw satcllim  tour irmrcascd tbc Jupi[cr
I)ilasc s[ati s[ical rcquircmcn[  by 20 kg. 311CSC cbangc.s  and
scvcrai silmii  n~iscc.liancous changes rcsullc~i in a propc.llant
margin incrcasc of 8 kg over ti]is past year from -3 kg to+ 5
kg. lly (icfini[ion,  Ciaiilco  l’lope.liant Margin (I’M) is tile
usable propcilanl  rmainin~  af(c.r  completing (bc baseline
Jupimr  SaIcli ilc O(bital ‘1’our  of m targc[cLi  srrtclii[c
c.ncounlcrs al 90 pcJ-ccnl  probability. ‘Ihillcm  kg arc
a]hXalCd for S]mcmlfl turns m JKrint lbc insmmcnts
bcyon(i lhc scan plalfcmn limits  occasionally. Projcc[
N4anagc.r Rcscrvcs also lotat 13 kg. Thcrcforc,  potcntiaiiy
31 kg of I’M is avaiiablc  for colltin~cncics  - wc]i over half
Ihc Jupi[cr-pilasc  slatislicai  rcquircn~cnt.  I’ilc slalistic.al
rcquircnwnl  is the a priori urlcc.rlain componcnl arl(i by
dcfini[ion  c.xclu(ics ai i dctcrmillistic  require.rncrm sucil  as
the JOI AV.

6,,A4issim  Q~)cra!imn~Sskc!cdm?jm

Ih]rirt~  the past  yc.ar [im I~ligb[  ‘1’cam (icsisncd  ami
cxc.cutcd  five ‘1’rajcctory  Corrcc[ion  Maneuvers (1’CMS)
(lJig. 4), inlJmlin~ 10 the spacccrdf[  a total of 4.3 nl/s cbarrgc
in vc.iocit y. Since< launcil a total of 197 “rajccW_y Correction
hfancuvcrs  {1 ‘(:h’ls) have. bcc.n cxccrrtcd wilb more lhan
92.? n~/s in ci]angc, in velocity. ‘Jhc second gravily-assisl
flyby a[ Iklrlh  inlIxWc(i  7.7 ire/s ci]angc in vc.iocity,
pro(iucing ti)c hc.lioccn[ric  vcloci[y  - 39 kn~/s  ncar]y
tangential to liartb’s  orbit - rc,quirc.d 10 rcacb J upitcr.  ‘1’bc
flyby was so accurate tilat  tiIc Fligiu  q’cam did not have to
cxc.cu[c.  “J’Chfl-l  8, wilich was nominaliy planned 10 occur 13
(iays af[cr lhc Earlil-?  flyby. ‘J’iIc  planrmi l{arlil-2.  flyby
al[i[o(ic.  was 303,8  ktn; ac[ual was 303.1 knl. (;on)prctlcn-
sivc. discussions of [I]c ac[ua] navigation of (Ilc VIli{GA
[rajcc[ory  arc. given in Rc.fc.rcncc.s 5 an(i 6.

A n~os( sip,nificant  cilalicnp,c  LO (im I~light l“cam this
year was [ilc (ic.vcJolmmlt,  [cs[, and uplink of nc.w A[litucic
arl(i  A1[icula[ion  Con[roi  Subsys[cm (AACS) fligi]l  sofl-
ware. “1’tlis version of [hc fligi]t sof[warc  (Version 12.0)
constilulc41 a conlI)lclc.  rcloact of lhc flighl  softwarc- [Ilc
first  cvc.r for a pi;inctar-y spacccraf[. ‘l”i]c  AACS 12.0 fli~,bt
soflwarc  illcludc(i lilt. capability 10 C.xc.crrlc tile. 10.5 r~ml
sj)in u])/(iowrl using li]c ION Iiirus[c.rs in lIIc.  rc.quircd pulse
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Figure 4. ‘1’rajcz[ory (k)rrcz[ion  Mrmcuvcrs to lMIC

mode opcra(ion.  la addition, iicfw cock Corrcc{ing  m l:liglit
Software Problems (IIH’s) discovered infligh[  was included
in the ctcsign.

‘1’hc in flight  load process was cxlraor(tinaril  y com]dcx,
requiring  an address by address vcrificaliori  of the fullctio]l-
ality of lhc AACX flight  mcmor’its, the rrpli]lk  of tlm flight
software 10 the primary of the two rc41un&rlll  memories,
switching opcraliml  10 tlvs ncw flight  software, al~d Ihcn
finally loadiil~  the. olhcr memory. l’his  c[llirc  process look
approximately 96 hrs of continuous opcra[ions  with a 24-ltr
]Jlannc41  pause to allow for schcdulc rccovcry  had there. bccm
]woblcms with the S])acccraft or tracking stalions  [Ilat  wIoHld
hrrvc af(c.cicli tl}c.  time.fil~c.

1 ‘i iol 10 being acccj)tc(l  for Ul)l ink 10 tllc sl)amlrafl,  IIlc
AA(;S 12.() flight softwaic.  W:IS carefully and [horoughly
lc.slc.d  [Ising the Galileo ‘1’cs[ IIcd, a hardware a(ld softwaic.
rc])lica of Ihc c.sscn[ial  fti~lll  slmccraft  subsyslc.ms.  “1’hc
sulJsystcn]  tc,st  program  starlcd  in h4ay 199?. and was
col]lplc,tcd  ill Augus[. ];ollowillg  subsystcn)  Ics[ing,  a
syslc.n]-]cvcl  tc.sl ]mgram was ondcrlakc.n  slmning ltm
I)CI  iod Augus[  dwou~ll n~id-ocmbc.r,  In addition, tllc

inflight load sc4ucncc  was tcslc41 at both  lhc subsyslcm  and
systcm  Icvcl. I’his  flight software lcsl program was jucigcd
to bc. Cvcrl  nmrc thorough than the prc.launch test program,

“1’hc  inflight  load smrlc.d  on January 25, 1993, and was
acconl])lishc4i  a$ planned cxccpt for onc anon~aly  which
oc.curIcd on J anu:iry  28 wl]c.n tlm AACS rncrnory  was
swa]yrcd and AACS s[artcd executing the 12.0 flight
sof[warc.  l’hc. In-I iligtlt 1 md (1 }d,) process was susjwndcd
tcrnl)or  aril y pcrlding ar)omaly resolution. “1’hc process was
resumed on Jan~lary ?,9 an(l conq)lc[cd the following day.
‘1’hc.  anonlaly,  which had been present in the old prelaunch
vc.rsiorl  of tlm ftigll[  sof(warc,  involve.(f lhc, inl~~ropcr  sctling
of a crucial variable USC41  10 control the scan pla[fonn  (sc.c
4.5 Spaccciafl  }’crfo] ll~allcc./AACS).  ‘1’hc 1}~1,  activity was
o]walionally  very cornp]cx  and in sl~itc  of tlm anomaly was
Cxc.cu[cd  succcssful]y.  “1’llc anomaly was quickly dclcctclt
a(ld urdc.rsmod; ]wlnalwni  palclws to ilm AACS 12.0 flight
soflwarc  wc.rc. uIJlinkc41  10 [Ilc s]mcccmfl  within  three wcdm.

‘1’tm  Galileo Space.cr-aft was dc.signed [o hc controlled
by onlmrd com[m[cr lmfyarns called scqucnccs.  Very
li(llc “rc.al-time” conlrnanding  was envisioned in the dc.sign
of the Ground Soflwarc. or in the si?.ing  of tllc lilight  3’c.arn,

8



, ‘!

‘1’llc.  1 ]igh-(irrin  A[ltcnna  rccovcry  cfforls cirarna[ically
incx cased (IIC nunlbcr of real-lime. ccrmmancis scat [0 lim
spacccraf(.  As of August  1, 1993, 130,890coll~rl~al](isllati
hcml Uansmillc.d 10 [hc spat.ccraf[; ncariy 72,(JOO wcm rcai-
[imc conunan(is,  :iIId of thal number nearly 60,000 wm
assoc. ialcxi  will] lhc (iuai (irivc actuator  “motor hanlnlc,rin~’>
undc.rlakcn  lllisyc:ira sltlc}'  rojcclco  ll[il]l)c(iitsc  ff()r[sto
rclcasctllc.  s[uck riim oflllcl  ligll-Gail  lA[l[clI[la.  Of ilm
130,890 commah(is lransmil[cd since launch nearly four
years aflo, a total of (A ,800 or 50 pcrcc.nl wcm scn[ [I]is  pfis[
year. Iilorlc.  scrlscl tlisr)ll[l)l)cri  st)iisicadirlgl  )cc:illsctllally
of the commands wcm cyclic (i.e., repcalc(i  usc of the same.
sclofcolll[ll:tll(is)  and wcrctransmiltcd  ovcra coln])ar:i-
live.ly siloIll )cri(J(ioflirllc. Olltl]c (Jlilcr lla[ld,  ltliscfforl
occurfcd  shorliy aflcr lhc }larlil-2  c.ncounm  and prior m the
ll;l.  oflhc.  AACX 12.0fligh[s  of[warc.  ‘1’tlcfollr-ll~otl(tl
pcrimi  froln m i(i-Novcn~lwr throu~h  nli(i-h4arcil  was (IIC
]nosl  oImalionaily  inlc.nsc  and (icn]anding  inlc.rvai  of (IIc.
Illission  so far.

‘j/.  _3’k&rils.0f  Ida l;nccHrInlcx

On June 10, 1993,  aC(~ll~]~]:\rld  allcl  I]:ita Slll)systc111
(('1) S) A-Strir~g  t) L1srcsct si)acczraft  safi[lgoccllr1c<i.  “1’his
M'asillllllc4iialc.ly  rccog[liY.cd as[ilc.  s:\ltlcl)tlcltc)lllc.l]  oIl ltmt
occ[lllc(ililrctclill~csin  1991:  oncconll-Slring,  twicc. on A-
Slrillg.  Asl)ccihc st]oriillg  coTlfigllraliol~  i[Illlc  SJ)ill
Ilcarillg  Assembly (SIIA) pro(iucc.(i  by agycga[cd  slip-ring
brush wear (icbris  ill conjunction with brief (10 psc.c)
sillllli[iillCx)  l]slif[i  IlgOf[t]C  t)rllSil  Il:lirOIl  arC-se[SigIl:\i  ring
cause.sa sl)uriousrcsct, ‘Jhc CIX hrrrdwarc  rc.s~mm  011 h
s~ling wi[h  tiIc rcsc[ signal is to i)alt  and scn(i  an aicrl  (0 lhc

o[llc.rs[ring. Inthc CV>Ssoftwarc  rc.sponsc,  thcothcr  string
safe.s IIIc spacecraft, stops  lhc ont)oard progranlnlc4i  sc+-
qllcllcc, all(iwaiLs  forgrolllldc  ollllllan(is.  l’tlis]]rcJtccL$lllc.
s[):~cccmflf rol~~arlc  .rl-alltCIJS.  l’hcdc.lwis shorts arcs c,if -
liln i[ing  in that they burn open before. cumcnl  ICVC1 is
il:i?.:ir(iollsl  oarlycl  u.lro[lics.” Soti\is  rcscl\lllcllolllc[  ~ollis
l)ctligllc xcc])ltl  lali(i]  aitsltlcs]  lacczraftsc  c1tlc1lcc.  “J”hc
1:1 ight’1 ‘cam musl prcjmrc and ui)liak  suhstantiai  command
]mckagcs  10 bring ai) the. (iown sb irlg an(i tlIcy musl gcmratc
alI(i u[)lil)k a revise.d sl)acccrafl  scqacncc  10 rcsulnc.ollc.ra-
liolls.  ll)ci(lcll[:tll  y,[tlisi  srlo[at  tlrc<l[l oI'folNI< c.iayall(i
JOI  bccausc (IIC ltckty/JOl  Jlip,hl  SCLIUCIKZ  is programmc.d  to
con[inuc. c.xccu[ion even if onc s[ring goc.s (iown,

Asccc)Il(i  rc.sclo ccllrrcciol  ~JllIlc17.  ‘]’tlis~)ait{~frcscLs
~~’:isvic~’c(la  sr:llld(~lll  alt(isincc.  thcfrcqucrlcyo  foc.cur-
lc.ncc w’as grcally (lillli[lisllc~i  ascxilcctcdc  i~lc.to  wear-ill -
Im)cliad occullcxi  ill IIc.ar]y Iwo ycars- rcscls  wc.rc. not

co!)si(ic.rc.d  :i }mrticular  Llu’ca[ 10 (he, u]]c.oming  Aup,ust  28,
1993i(i:ic.llc.c)Ll[ltcr. "l'llis si[lla[ioli  cll:trl[{c~l t~l~rll])[iy  ir~J[lly
whcll IL>SCtSOCClIIICCIC)IIJIIly  10 and 1?. “I’t~cf lrs[oftllc.sc
plc~ludcd Ca])[uring  IIlc fils[  of five J)lalmc(i lda oj)(icai
lmvi~,alioll  i[lmp,cs. Clc.a[  Iy, col](inp,cmcy l)lans were IIOW
llcccss:iryl (Jco]r\*  ~iltlC1)Sl)  llsrcscts.  lllfill-s])illll~(xic.
lhcrc. is 110 IImtiml  bclwcm lmshcs  and rins,s so brush lifts
(iolml occur :irl(i,  tllcrcforc, lt}csj)tlri()[]  srcsc[s(  iol]()loccl}r.

It was (icCiricci  10 kczp the spacecraft in ail-spin mode
cxccpl  when i[ ila(i  [0 bcf ciuai-spin  for Ohsc.rvalions  Or for
manc,llvcrs.  l“hc.rc was no c.vidcncc (hal lhC transitions fronl
ail-spin to duai-spin  in Lhcmclvc,s c.ontributc4i 10 rcscls;
nlinimi?.in~  tilnc. in dual-spin rc.gar(iicss  of lhc. numhc.r  of
transitions scmtcd  most ]wucicnt. ‘1’hcn On August  1 I,
~~lrin~ transition to duai-spin for [Ilc lhird navigation inlagc.,
a rcfsct  occur[rci  prc<iu~iing [ilc inlagc. ‘1’hc 1 iliplll  7’CaIII

quickly rccovcrcd  [Ilc CIX, upiinkcd a prcrc4iuisitc  al[itu(ic
change, and c.xcmmi  1’CM-20  on sci~cduic on Au~ust  13,
15 days prior to lhc l(ia Cr]coun[cr.

‘I”hc l(ia cmc.ounkr plan was to stay aii-spin untii -12, }~rs
when dual-spin was rcquirc4i for a spacczraft  a[(ilu(ic
maneuver Kr improve. the observation gcmnctry.  ~’hc reset
rcmvcry ]mcc.ss  was being aggressively strcanliinc4i  so that
rcc.ovcry c.ouki bc complc.tc.d  in 32 hrs, 1 lowcvcr,  the.
Augus~  11 transition rc.set ar-guc<i that hansitions  shouici  not
bc pcrfomc{i bcyoIKi  IIK point  of no rccovcry,  Accord-
insiy, llIc final transition 10 duai-spin  was pc.rforl]~cd at Icta-
52. tlrs,  allowing  scttiing time duri]~g  wllici~  the finai
aiq)r  oacil marlcuvc.r (1’ch4-2 ] ) coui(i bc pcrfonncd  with

sliii  am])ic  time io rc.c.over from a rc.scl.  Virtuaily  the cnlirc
mmulllcr  scqucrm  cc)LIld slil I be pcrfornlc41 if the rc.scl
oc.cunc.(i as lam as Ida-44 hrs. Ullimaleiy,  the rc~ovcry
process was stream linc4t down to 15 ilrs arl(i an abbrevialcci
c.on[ingc.nc y c.r]countc.r  scqrcnc.c. was (icsignc~i and prc,-
~c[matc<i  that would s(arl at l(ia-6 hrs, thus rc.ducing (iIc
pc.rioct of no rccovcry lo the 21 hrs bc.fore Ida CIOSCSL
a])}m)aci]. 1 ]apf)iiy, there. vmrc. no bus rc.scLs after August
11. ‘I”tlrc.c  of the five plannc4i optical navigation images (#l?,
//4, //5) wc.rc  oblairled.  ‘I”hc, flrsl  inmgc (//2) was the. basis
for {Ilc Ida-15 day ‘lCM-?()  and it was so good that the l(ia-2
day ‘1 ‘CM-21 and all scan piatform  pointing conlingc.ncy
update.s were c.anc.c.tc.d  al Ida-5 days, when ti~c final naviga-
tion mimatc  incoqrora[ing image.s +14 and /15 showed that
1’CM-2.O had ilit tiic. buliscyc.  (ialiico  was just 0.7 scz early
an(i 10 lm iligh -- cncountcr  wouid  beat 16:51 :59,0 [J’I’C
at 2.410 km from Itia without ]wrforming  ‘tCM-21.

‘1’hc  events leading to Ida arc illuslratc,d  in J:ig.  5. NoI.c
dlat rc.vised scquc.ncc.s  (IIJ -2’, 2“) had to k gc.ncrmd and
uplinkc(i to do (IIC navigation foilowing  the July and August
Cl N bus rc.sc.t$.

llcc.ausc. Galileo’s lIGA did no[ dcpioy propc.rly  all
coll]fl~t]liicatio[~  must lw ovc.r tile i GA; tlw rc.sullin[: 1 (Y
wcakr (imwllink  signai  can only tx mc.ivcd by the. large
70-111 al}ic.nl~a  at each I>SN corn] )lc.x. WIICJ1 communicant icm
with LIIC h4ars Obscrvcr (h40) spacc,craft  was 10S[ on August
21, alnms(  all of ~alilcn’s ‘lo-m  backing  was reassigned to

h40 to provi(ic  maxinlurn  rcccivc  capability 10 M{).

ironically, al this time Galileo ami hfo were only tcn
(ic~rc.cs ai)arl as vic.wcd  from Earth. “1’bus, Galilc.o  couid bc
ii ackc.d only sc.vc.ral hours a day for tl)c llcxi five days
durirlg  tllc sla[ior] viewing overlap (e.g., wllcn  bolt) SJKiCC-
ctaft  were. sc.l(il~g at ~Toldslor]c,  (Ialifonlia and rising al

Canbcr[a,  Australia). NaviSa[ion lmagc  #/5 was shut[c.rcd
the, nmrl)ing  of August  21 an(i oniy o]lc-fourth  of it ha(i bcm
rctunw(i  to l{rrr[tl  when the 70-rn stations wcm  rc.-ami~ncd
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l;igurc5.  Ii\’cr]ls l,c<lclillg  lolllcl(la  Ilrlco[}ll[cr

(Ilalcvcning.  I;or[Llllatcly,  fivccxccllcl)ld  21a[)oir)tswrcrc
available.in lhc. parlia]  image.

Iiffc.c[ivc wi[h LI)C transition to dua]-spiri  at Ida-S2 hrs,
tllcl)SN  70-ill  JJriofiIy w’asrctllrrlcd  [o Galileo.  ]lvcrylhing
wasllmnsct  fordwcmourltcr.  I1owcvcr,lh  c.21-tlrpc.riod
before closcs[ approach was onc of grwr[ anxicry since a
randoln lmsrcsc.t  would liavc irrcvocab]y killed lhc. obscrva-
[icm sc.qucncc.

While lhc. clrc.a(tcd  reset did no[ occur, a significant but
rll:]]la~:cal)lc  irlci(lc.rlt  (lid. A[lda-4 hr 1611~irl,ltlc,sI)acc.craf[
autonomously l[lrllc41{)ffilsgyrcJsarld  swilchcdt  o’’cruisc-
modc” wherein the scan platform pointing would bc
cor]lrollc41  only by lhc loops  “alound”  llm aclua[or cllcodcrs
Wi(]l l])cs])irlIlirlg  sccliorl  ])rcJ\,i(lirlg  [tlC. s0lCalli[lldC.
1 cfcrc.rlcc “]~lalforln. “ ‘I’tlca[li[(l[! ccolllrolcl  lgirlccrs(][lickly
collfirillc.d lIIC. pointin~  would bc or]ly mode.s[ly (tcgradc41
arid Ilml lhccrlcounlc.r  would Cxc.culc  pro])cr]y in llm
“cmisc-nlodc..”  llow~cvcr,:  ]])rccisclyt  irllc,clg  rc)llrl(icortl-
Inarld w’aslcclllircdl  ot)cscrl[:~l  lda-3 hr 18 nlin (Oarlivca[
Illcsjl:lcc.cr:  ift30rl  lirl~llc.sl:tlcr  (lllcorlc.-\\’ay  ligl)llir]]c)lo
rc.lul-ll  lhcscal]  p]a[forln  10 lllcnoruinal  ]minling  Jmsilion for
lllcllcxl(  )lJscr\':i[i()ll,:  ts[tlc.lll:llf()rll  lll:i(I  bcc.r)aulorlw

mously moved 10 a slow posi[ion  in the mode. transition -
an inlcmtcd  faul[rcsponsc.

An cxccllcnt  Ida cmountcr  was pcrfonncd with
virlual]y all obscrva[ions  rcc.orht;  a fcw far-cncoun[cr
images may have tmn missccl ctuc 10 the platform slowing.

A fcw days aftc.r  cncountcr  a spcc.ia]  “jail bars” search
tcctlrliqllc. was(lscd  tolc~.:]tc.ldain  itlcnlosaic  t~yrctllrllirl{:
to l;ar[h several adjaccnl  lines out of about every 300 lines
for cvc.ry franm in [hc 30-frarnc high-rcsolu[ion  mosaic
l:lkcrl  ktwcCrl-  5.5rllinarl(j-1  min. I’hcltlairnagcwas
f()llrlLl s[l-/id(llirlS  fr~rllcs  11, 12, 13, 14, arld21(Iiig.6). ~’hc
I)ala  Memory S ys[cm Mcrnory l{cat-Out (1 )MSMRC))
tcctuliquc.  was uscfl [0 rc.turn [he, image (P’ig.  7), just as i[
w’:lsforttlc~i:is})r:t  irnap,cin  ]991. Abou[ ]50]irlcsofar  J
ilm~c  arc. co])ic.d  from lIIC lapc (IIIC 1)h4S) irlto Cl}S
mc.mory  arl(i this rncrnory  is ttm transrnit[cd  10 the ground
(hfct~~oryl{ca(l~)~lt).  Ncarlyall  oflllc351JMShlI<Os
availahlc  before. llw cc)rllr[l[rrlicatiorl dis[ancc prccla(icd 40
t)])s:isofScl)lcllltKr23  M’crcrcqllircd  torc[(lr[l  lhcfivc
frames. Irlili:tlly,  orlly()ric  srIlall  sc(]llc.rlcc()  fcc Jr1lrllarl(ls
w:lsrc(lllirc{lt  ol)crfO1[ll”  the. various tape. rcmrdcr(IJMS)
])osi[iorlirlgsl  cus[[)r c<](l[llc .fr-arllcs.”  llow~c.\’cr,  orl Sc.l)tc.r]l-
t)cr5at ()l:\llyL rrll)rcccIlcr][  c(ll)r(ll)lc.rlloc  cLlr[cLl:  the main
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lJigurc  6. SSlml MS } lig}l-rcsolutio]l  Olmrvat  ioa of Ida with  959’o Clmfidcncc
— — . .  _

. .— ___

I:igurc  7. };ivc-itnagc  Inmaic of as[croid  ?43 lda, (alma at range.s from 305710
382.1 km at rcla[ivc vcloci[y  of 12.4 km/s. ltla is alm[  52. km long.  Spntial

rcsoluliwl  is 31 1038 m/[)ixc.l.
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transfcrrmcr for k Canbcn a 70-n~ anmnna  stmtcd out ml
it lock six clays 10 get lhc anlcnna  back oll-line. ‘1’k I;liglll
‘J’cam had to design and u]dink five more small SC~ucIIccs  [O

work around lhc ~anbcma  ou[agc} including replaying lhc
irna~c  scgrncrlls  [ha[ were lransrni[[c.d  bul could rmt bc
rcccivc41  duriag  lhc  ~arlbcr-l  a outage.

‘1’lIc long-standing plan is to play back lhc rcsl  of lhc
lda dala when [Ilc  Ilarltl’s  orbilal  posilion next spring will

brirrg  i[ once again close enough 10 Glilco for 40 bps.
(No[c  LIM, as dc.scribed clscwllcrc.  in ibis pa])cr,  IMN and
Spamcr’afl  tclccorlllllllllicatic~lls  inlprovcrnc.nls  arc, now kinfl
inlplcl]wmtcd  that wilt cmblc u]) to 160 bps a[ Jul)i[cr.)
l;igurcs  8 and 9 summrizc lhc Ida obscrva[icm  sc~lucrm.

A totzi]  of 150 Solid-State Imaging (SS1) in~aging
fr’arm wc.rc rccordcd.  Nearly half of IImsc were required
for lltc spalial  rnosiacs  nc.c41cd  10 cover lhc Ida posi(i(r!l

unccrlairlly.  Llllilnatc.]y,  13 color and 8 black and whi[c.
i[nagcs  wil I bc. JIroduccd from [he. SS1 dam. Ihc Nc.ar
IIlfrarcd Maj)ping S]rcctromc[cr  (NIMS) also maric  cx[cn-
sivc.  obscrvalior)s,

‘1’hc.  Magr)ctomc.tcr  instrumc.nt  (MAG)  data rmllcctioa
profile was c.nhanccd pc.rforlning,  sc.vcral MA(i h4}{os  from
clmurl[cr  -12.5 hrs (o + 6 Ilrs. Additionally, a nc.wly
dcvc.loped sclmrnc,  for collecting MACT da[a al higl) sanl-
I)ling  ralc was usc,d  wilhin 21 hour of closcsl  apl)loacl];  this
high-ra[c  MAG dam was s[orcd  in the cI)S.
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NOTE:
OWLT = 29:56

——
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All 1 ] Galilc.o  Orbi[cr inshurncnls  rna(ic nlcasurcrncnts
at Ida, with the cxccp[ion of Ihc lIc.avy lon Counlcr  (I IIC).

& NCW Ca[)abilitics  @ Mission I)cs@@n  for I <Jw-(iain—... —
An(c.nna

&_ JWS&m  12CslciI)ItiD

Pcrf(rrming  the. Gaiiiccr  mission wilil lhc 1 rev-Gain
Anlcnna  (1 GA) was firw dcscribrxi  in Rcfc.rcmcc 3, and that
dc.scription  provides an introriumrry  crvcrvicw  for the
following il]ilJlcr]lcllla[iorl  (discussion.

kcausc. of tiK cxtcn(  of lilt software chan~cs rcl]uired
(O pcrfom  lhc mission using the. 1,6A and the lirni[cd sim
of tile on-board memories, the Gaiiico  mission using Liic
1 GA must bc acconqdisi]cd  wilh [hrc.c distincl  software
lozr(is.

‘1’hc cxisling spacecraft soflwarc,  .SOmclimcs  calicd
]’ha$c O, will k used ua[ii  abou[ h4arch 1995. ‘lhc soflwarc
in the spacecraft Command and I)ata  SubsysIcm (CIX) will
lhcn bc nmdific(i,  ttu-ou~h in-flight patciling, to provick a
means of storing Probe data in CDS memory 10 backui)  lhc
flight  LIpC rccordcr  s[oragc “Ibis I’hasc ] soflwarc  wi!i bc.
ac[ivc on tim space.craft from March 1995 through Marcil
1996, during which [irnc  Probe da[a will bc collcctczi and
rc[unlc,d  10 ];arlil.  Jupiter Approach (iala, inclu(iing 10 data
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and JO] caginccring  data, will also bc COIICCMI bul not
Jc.turIiccl  ulllil  the Orbital Opcra[ions phase of lhc mission.

]’atchcs  to the At[i[udc and Ar(icula[ion  Control
Subsyslcm  (AACS) soflwarc  will bc. scat 10 lhc spacmaft al

the sanlc lime as the. I’hasc  1 CX)S  ftight  soflwarc  (l?iW).
“1’hcsc c]iallgcs  Su]y)orl ]’robe ]{c]ay and JC)I,

1 mlly, l’lmc 2 ci]angcs  Co]lsist  of a much larger

soflwarc. change, 10 lhc CDS, plus ackiilional  changes {o LIVJ
AACS ald changes [o Inost  of tlm scicncc inslrumcn[s.
l’hasc 2 change.s will bc made in March 1996 and will
rc.nlai]) acliw dmmghoul  the remainder of tlm mission,
which consists of mosl of lllc Orbilal  (J)cratioas period and
ends in IMcnlbc.r  1997.

1 ‘igurc I () shows the major c.vcnls  tha[ occur during the
J)criods  wlmn the Phase. 1 and I’hasc  2. soflwarc  :irc ac~ivc.
l’mbc  l{clcasc  occurs in July 1995 while s[ill  in Irlic.rplan-
ctary Crrrisc,  bul with the I’llasc 1 software loaded. ‘1 ‘I)c.
cncourl[cr  with 10, Proix Relay, and Jupitc.r  Orbit lascr[ion
(JO]) all occur on I )cccmbcr  7, 1995. lick data rchum
imnlcdia[cly  follows in January and l~cbruary 1996.

‘Ihc l’l]asc  2 software is ul)loacicd bc.ginning  in March
1996 af[c.r wl)ich time (IIC Jupi[cr  Approach (JA) and Jopi[cr
Ollli[  7,cro I ;ncountcr  (JO1i) data will bc. rctur[lc.(i. q’his
rclur-ll will con] I)lctc jusl  in lime for [hc rlrst  Orbi[ai  O1xx:i-
[ions  c.ncounkw  wilil  Ganymccic  in Juiy 1996.

A (otai of ICn J upi[c.r  sa[cllitc  cncounlcrs  wili occur
(iuring  tiIC Orbital Operations portion of [ilc mission. As
slKmut in liig, 11, Cxil  of tilcsc  cncountc.rs  wiii c.onsis(  of an
approximamly 7-day cncoon[cr wilh Jupi[c.r rrnci tile sa[c.liitc,
foliowc.4i  by o[bi[ai  c..ruisc  (iuriag  whicil  lhc data collcclc.d
(iuring  Ihc. cncountcr  is rclurncli 10 Ii.arli).  l:icids  and
parliclc.s  data wiii  aiso bc coiicclcxi  an(i rc[urncd in rcai-lirnc

[iuring most of each orbit.  Additionaiiy,  a fcw rcmotc-
scmsing  scicncc  obscrva[ions  may alSO bc mack. and rc,-
cordcd during tiic orbital cruise period for lalcr rc.turn  during
tile same orbil.

liacil  of tile tcn cncountcr  orbits is of diffcrcat  duration
arxi cacii  occurs al (ii ffcrc.nl 1 lrrrli]-lo-spacecraft range (due
m Harlil’s  motion about the Sun), rcsui(ing  in uncquai
amounts of dal:t being returned from iilc tcn orbils. Orbii,
slarl  (ia[c.,  days to return data (which dots not inclucic liIc 7-
(iay cncounlcr  iL$c]f), and sj)ac~.r:ift-to-l:~rli~  range in AU
arc si]owil in ‘1’ab]c 1.

‘i’abic.  1. (iaiiica Orbit l’layback ‘1’imcs  and l{ar[il-lo-
Spacccraft  Dislanccs

orbit St:irt  lkile IMa  I<cturn Average
((iays) Spacccraft-to-

Karlh ltangc
(AL])

G] Jui 6, 1996 57 4.2
ci2 Scp 8, 1996 55 4.7
m NOV lo, 1996 34 5.7
lYI I)cc 21, 1996 40 6.1
1x I’cb 23, 1997 36 6.0
G7 Apr 7, 1997 26 5.5
Gs h4ay 10, 1997 43 5.0
C9 Jon 29, 1997 77 4,3
Clo Scp 21, 1997 42 4.3
1{11 Nov 9, 1997 28 5.0
—... — . —

REMOTF SENSING

IDA
MAGNltlED  10 TIMES

IDA-RELATIVE TRAJECTORY PLANE VIEW
TIME TICKS: 1 mln ‘TARGETED VALUE (TRAJECTORY PLANE INCLINED -75 DEG. TO ECLIPTIC)

—.— —

I;igurc,  9. Rc.mote Scmsing Okcrva[ions  from -30 min 10+ 10 min
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l{c.rc.rc.ncc 7 provi(tcs  an overview Or ihc {ialilco
spaccmfl and }Lcfcrr.rlcc 8 dcscl itm LIE cl 1S. AI II1ou[:1) a
very brief description of parts of the sl)~~cc~dt  rclcvm 10
[hc modifica[ioas  bc.irrg made to suly~orl  the 1.GA-bMc.d
nlission  will bc. given here, more dclai Ic.d information can
bc. ob[aincd  fl-om the rcrcrc.nccs.

l:igmc  12 shows the Galileo space.crafl and [hc IOcalion
Or some of the more. significant clcmc.m Or the spacecraft.

I~igurc 13 SIIOWS a simplific.d  block diagram of (IIC
spKccfilrt  showing d)c m:ijor  subsyslcn)s. As can bc. sum in
IIIC figure, h (XN plays (IIC  ccntra]  role in commu[lica(ing

and conh oiling, spat.ct.raft functions.
‘1’l]c I)ala Memory Subsysm.m  (I)h4S)  (J~i~. 13) provides

a sill~,lc  Odc.tics Ilmicl 1)1) S-3100 lal)c rcmrdc.r  witil a
capacily  of 900 Mbits. Originally, this  providc,d a backup
IncaIIs  for obtaining l’robe data in the c.vc.nt  d intc.rrup[ion
of the real-tinm downlink during Pr’obc  Relay or the link
was unusable. duc LO an SllA failure. With the failure of the.
1 lGA, [he. I}MS rccordcr  bccomcs the primary means of
rc[uraing  l’lobe da[a. lMMUSC.  or this, sorlwarc change.s arc.
bc.ing  made in Phase. 1 to pmvidc  dlc abili[y  to s~orc. a
rcduccd sc.t or l’robe symbols in CI N memory in m dcl-  m
re.store parlial redundancy to M Probe data rc[urll prr[h.
‘1 ‘his rcduc.c,d  set is suMicicr~[  10 coalplclc  ihc primary
scicm(i  ric objcc(ivc.s of the Probe mission. I)c[ails of’ these.
c.hangc,s  arc provided later in this paper.

‘1’hc  kcy faclor which enables all of the. changes for
Phase 1 and l’hasc  2. is lhc. availabi]ily  of C3XS cxlcndcd
mmory.  ‘1’his memory, whicl~ is one half Or the lotal C1)S
mrnory  (192 k.bym out of 384 kbytcs, where 1 kbylc =
1024 byte.s), was adricd  prior 10 Galileo’s launch duc to a
concern ovc.r LIIC reliability of the 6504 memory dc.vic.c.s  for
the 8-1/2-year VI;I{GA  mission. 7’hcsc dcviccs,  however,
have proven 10 bc quilt rcliab]c, withoul  a single failure so
far on ci[hcr Ihc Galilm spacecraft or the Magc.tlan  spacc,-
craf[ (which uscs a duplicate of the Galileo spun (2) S).
Since lhc C1>S was cicsigl]cxi  to complclc  ils original
nlissioll  witilorr[  d)c usc of any of the cxtcndcd  memory ill

cilhcr  siring, lhc rc]iablc  pcrformarm  allows the usc of lhis
c,xtc.ndc.d mc.rnory  in both strings 10 perform ihc mission
widl the 1 GA without irnpac(ing  existing spacccrat7
capabilities.

‘1’his mcmor y is not ac.ccssiblc.  by any single  CIJS
procc.ssor,  but is ins[cad dis[ributcd  in Lhc memory space, or
Ihc six 1 80?. processors or is available. as a memory dcvicc.
on [hc C1)S da[ii bus. l;igurc  14 sliows  how lhc. pmcc.ssors
and lnc.lnory  arc  dish  ibu[cd in onc of [tic Iwo (idc.rl[ical)
r71XS  s[l illgs. ‘Ihc memory nmnbcrs  shown inclu(ic  both
Origilml an(i cxtcrldcd  memory. ‘1’hc ]ligh-1 t.vc.l h40du!c.
(1 II .hl) SIIOWII  in the t@rc controls all bus transactions and
[bus controls movement of all daia and commands bc.twccn
nw.morics and procc.ssors.

110111 or (IIc.  Plla$c 1 aud 2 designs u[ilizc  all of this
available. memory, which makc,s lhc ncw code non-rcdun -
dan( and mans that loss of parl of Ihc CIXS mcnmy  could

c[tusc. loss of son]c I’lobe symbol data in Phase I and could
require re.duclion of capability in l]IC PhaSC, z design. All

cngincc.riag functions remain rcdundanl  as in (I)c original
design.

&_l.%asc  1

‘l”hc major objcclivcs  for the l’hasc  1 dcvclopmcnl  arc:
to protcl.t  Probe. data against IJMS  problems, make cfficicn[
usc of the downlink  channc] 10 return probe data, provide.
robustness to CIX anornalic.s,  and incrcasc PWS data
contcnl  in orbi~c.r  sc.icrlcc  data rccordcd  during 10 torus fiy -
thmugh. A sc.condary crbjc.c[ivc  is to allow all change.s to
bc. patched itl[o  lIIC running CI)S;  i.e., avoid having (o bring
a Cl X string  down during the software loading I)roccss,

IJigurcs  15 and 16 sliow a very-high-level sununary  of
tt )c capabi] i[ics being actdcd  to the spacccraf[  and ground
syslcm  in sulqmt  of lhcsc, Objcclivcs.  ‘1’hc remainder of lhis

sc.c[ion  dcscribc.s these capabilities in more dc[ail.

8,341. .IJi!m.cihJmlr&

~’o restore. I’rrhc  data rcxiundancy in the. 1.GA-based
mission, a p:trlial  cc)py  of Probe symbol data will lx sK)rcA
in (IIC cx[c.ndc.d CI)S rncmory. I)uc to [hc lirni[c.d  amount of
(Ilis nmrnory,  only a porlion  of the Probe data rc.ccivcd from
the l<adio Relay 1 lardwarc  (KW1) can bc slorcxi.

‘l’tic  smmurc of the Probe data stream, as rcccivcd  by
the. ttl<l 1 is shown in }~ig. 17, l’hc Probe. da{a comes into lhc
CHXi from (I1c R~ll in blocks of 54 bytes, consislirrg  of 27
bylcs  from each of (WO RR}] charmcls,  designated A and 11.
llach groul) of ?7 bytes consists of a sync bylc, 8 bytes of
RR11 (iata (dlc 12th bit of which indicates RR] 1 rczcivcr
lock status), and 18 bytes of Probe data. Each of the first 16
bylcs of Pmbc da[a consists of 2 Probe symbols (1 bit each)
which [hc 1<1<11  cxl)ands to 3 bits each wilh signal quality
data, ldus  1 z.c.ro bit pc.r symbol. ‘t”hc 17th byte and the first
nibble (4 bits) of the 18dl byte. have either a zero followed
by’ c)rlc expanded PJobc symbol or arc all 1‘s (each nibble
co[lsidcrcd  sc.paralc.ly). ‘1’hc, lasl nibble in the. 18th hylc is
always all 1 ‘s.

Only the individual l’lobe symbol bits arc stored in
CIM mcrnory.  I:or the firsl 16 bytes of l’robe. data, the C1)S
skips  ou[ the two Probe symbols ]X.r byte. For [hc 17th and
18111 bylcs,  [hc logic looks at the first bit in each of the firsl.
three nibbles ard either strips out lhc Prcrbc  symbol bit or
iglmrcs  the nibb]c.. ‘1’hc last  nibb]c of [I)c  18[1] bylc. is
i~lml  c41. I’t lus, for cacll 81 by[cs of P1obc (lam rcccivc.d
from the }{1<11, only 13 bylcs Or slrippcd  symbol data arc

s[orcd in (;1)S.
in total, the.rc. is sutllcicnt  Cl )S memory 10smrc31.3

n)irlu[cs  of (Iata from bolt) 1<1<11 channels (s[orcd in 111 ,hf
cxtc.ndc.d  mc.mory), an a(i(iitionai  8.S minutes of data from
one. (sclcc.(al)lc.)  of the two I<l<i 1 cimnnc.is,  (store.(i in the.
spun Ilurfcr Mcnmy,  or lILJM, c.xlc.ndcd  mrnory),  and 75
minums  of c.very o[hc.r  I)opplc.r  wind da[a mc.asurcrncmt
from 1{1<} I-A (s[orcli  in tk I)h4S 11 uffcr h4crmry, or

15
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I)lILJM,  cxtcndcd  mcnmry). Refer to l~ig, 18.
‘Jhis amount  of data is sufficient to c.crvcr the. ‘Iot)c’s

dcsc.cnt to about  10 bars into Ju])i[cr’s  a[mosphcrc  and is
sufficient to achic.vc [hc PIobc mission’s primary scica(ific
objcclivcs.

Jupi[cr  Approach and Io scicmcc  data,  inclu(iing

cmlJcdcic41  cn.ginccring,  will bc rccordcd  on l)MS rccordcr
[racks 2, 3, and 4 and will bc saved for rclurn using I’hasc. 2.
sof[warc.  Rccorcicr  track 1 will bc. uscii  to record all data
beginning at 10+ 15 min (the lime at which the orbilcr  is ill
Relay Rc.ariincss Configuration, or l{I{Q  and continuing
un[il  track 1 is full, about  8 hrs Ia[cr. Ihlrin[:  lhis tirnc
pc.riort  lhc rnosl  critical c.n,ginccring aclivi[ic.s  will bc
occurring (Relay Ckmfigura[ion,  J’robe }W]ay, Spin-(]p, JOI,
ml Spin IXmm) and will bc. rc.cordcxl.  All cxccp[  l{clay
dala arc. rcmrdcd using a ncw 7.68 khps 1.l’W rc.cord  formal
(’I’able 2) which is like lhc original 1 ,1{S  format cxccpl higll-
ratc PWS da[a rcplaccs  Golay data to augmcnl  lhc 10 tom
fly-tllrouf:tl.  l’Iobc relay data will bc collcltcd  usirlg a ncw
7.68 khps 1.1’1{  record format (’I’ahlc 3).

l’l-obc l{clay  data cotlcclion 10 llIC two dcs[inrrtions

(I)MS rccordcr and CIN rncmory) is inilia[cd  and mm~i-
natc41 difrcrca(l y. ~c.lay  data going to Lhc I )MS ta]rc
rccor(kr is slarlcd  6 rninu[cs  before. the, bcs[ cs[irna[c,  of
l’robe cnlry time and slopped 81 minulc.s lalcr via com-
mands in dIc spficccrafl  Ckilical  Scqucncc.  I>a[a going 10
lhc Cl JS rncrnory is starmi  by the. rc.ccipl of an RR11
rccc.ivcr  in-lock hil from cilhcr  I{RH channc.i  anylimc  aflcr
tiic spacecraft CYiticai  Scqucncc swi[chcs the l)MS rc.cmi
mo(ic from the I .PW to k I Y~ format and is s[oppcli  wi)cn
the CIJS mcrnory is fuil.

‘1’able 2. I YW Frame

$kmrcc Bylr?s—— . .. ——. —.——

1 ]cadc.r 96
Iinginccring 701
lJVS 672
lliC/llJV 96
SS1 Stalus 96
1’1 ,s 408
NIh4S SL1[US 24
]Ws 432
1)1)S 16
1;1’1) 400
1’WS 43?
lil’1) 208
1’1’1{ 144
L4AG 80
1’WS 432.
MAG 80
I’WS 1 (k)
AACX 19?
1 w’s 432

— ..— ..—

Scvcrai a(idi[ional  I’hasc  1 spacccraf[  functional
changes arc rc{iuirc(i  10 perform [hc mission with lhc 1 liA.
2’IICSC  irlciu(ic.  changing the }IICYlilJV  data rc-adout mc.ttmi,
lifting aii ClY3 memory w’rile-]~rolcctiorl, an(i a number of
f:illil-~)ro[cc[iorl  changes.

11 i(;/tillV  (ia[a colicclioa  wiii bc removed from the
rmr-nml tclc.rnctry collc~lion  proc.css to ailow the 11 IC to
buffc.r  iL$ (iala internally. Normai  CIJS OAcrnctry pickup
rc.sc.ts  lhc 11 i~ buffer, prcvc.nling,  this  buffering. Rc-wiout of
the 1 lIC (iaia wili  bc acccrrnpiishc.d using cngincming
Mc.mory  l{cmi Out (hfll<[)) capability (icscribcd  later.

}{ccmiirt~ of I’mbc synlbol (iala into IIIc Cl )S cxlcnrtcd
mc.rnory  rc(iuircs  that aii CI}S nmmry  write-protcc[s bc
ii ftcd,  since wrilc-protccl  tliLs Sinluitancmlsi  y Conlml hiocks

of memory in bolil  lhc. rlon-c.xtcn(icii  and cxtcn(ic4i  por[ions
of CIXS.  I’ilus. aiiowing  CV)S [0 wrilc  into cxtcndcd
lncrnory  can bc {ionc orliy  by ii fling Lllc write.-protcCLs on aii
of CI)S mc.mory. ‘I”his is considc.rc{i  LO hc of low risk since
lhc.rc has nc.vcr bcc.n a Cl )S wrilc-probxl  vioiation on ci[hcr
(ialiico  or Magc.ilan  so far. A risk rirm cxisl (IMI a singlc-
c.vent upscl  nligilt  occur (iuring  lhc highcsl ra(iiation
cnvironrncnt  around Jupiter’ cioscst apl)roactl,  but analysis
irdicalcs lhal Il]is risk is small,

Nc.ccssary  sys[crn  fauit-protc.ction changes (contaiacd
in CHJS fiigilt  software) inciu(ic, ~Jndcrvoltagc I@covcry
(tJVl<I~C) Response., l~hlS Rc.cove.ry I{csl)onsc,  I)owniirlk
l{c.sponsc, and AA<:S initialization ~ruisc  l-V.xJJonsc
(AA~S-  ] N1”l’) LO prq)cr] y configure the Sp:icccrafl fOllOW-

ing  an un(icrvoitagc  event, command loss cvcn(, or AACX
iniliniization.

Mo(iifica[ion.s  (o Cl )S in[cnmi fault protc.ction  code wiil
also t~. rna(ic. to ailow CIJS to autonomously swap the. singic

I)MS tape. rc.cor(fcr  to the opcraiing C1)S siring in the cvcni
a CIX siring goes down during Probe Relay. ‘i’ilis is rionc

“1’abic 3. 1 ,1’1{ Ikmc
—-—

Source I\yt(’s

1 lca(icr
I{ngincCring
I’Iot)c/1<1<11
Goiay
l’lobe. / 1{1{1  J
Grrlay
}’JO1)C/}{1{11
Gcriay
Pr’obc.  / 1{1{1 I
Goiay
I’Iot)c / 1{1/1  I
Goiay

—-——-.—-..

96
704
432
432.
432
432
432
432
43?
432
432
432

“1’omi: 5101 5101 ‘i’otai: 5101
. . ..—— — . . . . — . — — — —  . _ . . _—..-
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by rmnoving  lhc Cl N wrilcr-protects on lhc CIX3 H-string
spun Clilic.al  Conlrol]cr, or CRC, (these arc ciiftlrcnl  from
the C2JS  memory wrilc-prolccLs)  and sctling  the. biLs in lhc
CRC rcgislcrs so that cilhcr siring can take control of lhc
l)MS aIICl I)l~UMS  in the cvcn[  of the loss of the, olhc,r
shing. ‘1’hc Critical Corm-ollcr  is ciircdy  commandablc
Ilmugh d)c 1 lardwarc  command  I)ccodcr  (1 ICI))  whicil
mcivcs commancis  dircc[ly  from lhc uplink channel without
going throagh [IIC CI>S. l;igurc 14 shows the }] Cl) LO cllc
flow, and I;ig. 18 shows the RR}]  to I)MS da[a flow.

Up until [hc tirnc  thal  Relay data is writ(cn  into cl)S
cxtcndcci  memory, lhat memory holds rcdunciant copies of
the CIM flight soflwarc  w]lich is being cxccutczl  in CI)S
non-cxmdcci memory, as it dots today. ‘1’his  “quad
redundancy” in tllc CIJS flight  soflwarc, intended [o pro[ez[
agaillsl  a 6504 memory chip failure, is 10s[ as soon as any
1’1 obc Relay (ia[a is s[orcLi  in the cxtcndcd memory. In
actuality, it is already 10S[ by the siar( of Rc.lay/JOI  bcc.ausc
[IIc. [wohour round-trip lighl  time prcclu(ics a gIound

rcspor]sc.  which is rc4]uircd  to swap memories.
Nell-pl-ivilcgc.(i error (N1’11)  handling during RcJay/JOI

also rc,c]uircs  clmngc. l’lans had been 10 disable spacecraft
safit){:  rcsj)onsc  several (iays prior 1010 closcs(  approach.
‘1’his incali( LIla[ only C1)S inlcmal errors would tcrminalc
any non-crilical  scic.ncc acquisition scqucnccs.  I:url]lcr
analysis of this  plan Ic.d to [IIc. rcali~,ation (hat cm(ain  o(hc.r
sjmc.ccraf[ faulis,  such as AACS 1 lcar[hca[  loss or sc.vcral
o[l)c.r AA(X alcr[ code.s, might rcsul[  i[] commrrndin~  crrms
wilhin  tlm space.cmfl ltla[,  under cc.r[ain  conditions, might
iln]ml  (IIC. Rc.iay I<ca(iirlcss  Con figura[ioll  or lead 10
dama~c. of scicncc  ir]strumc.nls.

Scvcrai  solutions to this  potcnlial  problcm were
cxarnincd  ‘1’hc  chosen approach is for CDS to kill any
scqucnccs  running un(icr any onc of three specific sc~ucncc
11)s whc.nc.vcr  a non-privilc.gcd  error occurs, safing is
disabicd, and (IIC sl)accmaft  is cxcarting  tbc Ckilical
Scqucncc.

8,3,MMQ Bc!!lm

As discussed earlier, only Protx  Ilclay  data (and
ailcrnatc.iy real-tim cn.ginmring data) will bc rchrrncd
during the. Prohc  data rchrrn period. Jrrpitcr  Approach, 10
scicncc dala, and crilic.al  scqucncc  cnginccring  data stor-cxi
on the I)MS rccordcr wiil bc rchrrncd  aflc.r l%asc 2 software
is ioadcd  on the spacecraft in March 1996.

Probe data return is cxpcdi[cd  by scvcrai  c.nhancing
features. ‘1’IMc inclucic:  nc.w 8 and ] 6 bps down link rates,
an 80-byte memory readout capability (M RO), changes in
the fixed tc]cnlclry  channel al]ocalions,  opcralion  of the
spacccraf[  I’clc.mc[ry Modulation Unil (1’MLJ) in a suj)-
prcssc{i  carrier mode using the low-ra[c  subcarric.r, and an
advanced rczc.ivcr on the ground to rcccivc, it.

Addi[ionai  downlink  data rates of 8 and 16 iy)s arc
bcirrg added to augmcn[ the. c.xisting  10 and 40 bps rates.
‘Jhc rc.suiting scl of availab]c  data ra[cs allows for better Lrsc.
of available (iownlink  channc.1  capabilities.

3’o rc~civc tlmsc  da[a rate.s with onc stand-alone 70-111
I)cc}) Space Nc.twork  (I)SN) station,  the. spacecraft l’hflLJ
will bc operate.d with suppressed carf-ic.r  and lhc low-rate
(22.5 k}lz) subcarricr.  An advanccxi  rcccivcr  @lock V),
Capab]c  of rcmivirig  su])prcssc4i  carric.r sigrlals,  will bc

20



inslallcd  at each of (IIC IImx IX3N 70-nl  stalions (C:anbcrra,
Gokls[onc,  and Madrid). ‘1’hcsc  chrrngcs provide approxi-
Ilmlcly 5.5 Ctll of artdilional Chanlml  gain.

A ncw 80-byte cnginccring M~O cal)ahility  has alrca(iy

I)ccll ills(allcd  011 lhc  slmcccrafl  10 rc~dacc [hc origin:i]  32-
hy[c cnginccring MRO. I’hc Ml{O will bc used to rc[urn  [IIC
1’1 olm Symbols data s[orc.d in CIJS memory, to return I’robe
data smrcd on [k 1 JMS rccordcr,  and to read out (IIC } 11~/
l{lJV inslrumcml  sc]f-buffered data. AfLcr  liIc Prohc.  syn]lx~]
data in Cl M memory is rclurncd lhrcc times, lhc I)MS
rccordc.r data will bc incrementally played back into Cl )S
memory and (I]c  80-bylc MRO capability used to rc[urn il to
ltlc ground.

linginctring  fixed-lclcmctry data allocations arc also
bc.illg  mod i fic.d  10 malw belter usc of llm available cr]ginc.cr-
ing lclcmc[ry  llallttwidlh  and 10 provide. bc[[cr visihili[y  in[o
cngillcmillg  parameters of interest 10 lhc I{RC. Ilngincming
mcasurcmcnts  which arc no loo~cr nccdcd and nlcasurc-
mcnls of lilllc val uc cxcc.pt for pos( faclo troublcslmot ing

arc bcillg  rcn]ovc4t  from lhc fixed tclcmclry  chanocls  to
:iCCOllllllO(t:llC,  t]lCSC C.tlallgCS, ‘i’hiS al]OWS  111 C2SUrClllC11LS Of

nmrc. immediate inlcrcst  10 bc rcturl]cd more frcqucnlly  by
assigning lhcm 10 mulliplc  locations in llIc  fixc4i  tclc.rmlry
channels. “Ibis additionally allows lhc nominal cnginccring
dam ram in lhc. ctownl ink to bc rcduccxl to 2 bps, augmntcd
with Iwo 1() bps dcdicalcd  engine.crirrg p:Issc.s  (c.igh(  hrs pcr
]ms) pcr week. All o[hcr  cngincc.lrin.g  mcasurcmcn[s  arc.
slill accc.ssiblc when nccdcd  by placing lhcm in variable
C.nginccring formals.

‘1’hc (ialilco  l’Iojccl-Specific Ground I)ala Sys[cm,  tlm
Multimission Ground I)aM Systcrn,  and the I)SN must make.
changes 10 sul)porl  [hc sj)acccraft  changes dcscribcd above..
“1’hcsc changes inclu(tc supporl  of the ncw 8 and 16 bps data
ra[c.s,  providing modified command tables for [he. ncw
record and tclc.mc.try fornlaLs, modification to lhc. Pr’obc
l:light  O1)c.ralions l{quipmcnl  (PliOt~)  10 supporl  the ncw
J>robc S ymlmls  rcadoul from Cl Xi memory, addition of ttm
}Ilock V rcccivc.r  [o dlc IXSN sla[ions,  and providing [hc
1 )SN capability to perform l’scudo Noise. (l’N) ranging to
augnlcn[  llm ranging cur~cntly  in use..

‘1’hc l’lobe l~light  Opcralions llquipmc.nl (l’J;OIi) is

being modific.d  10 acccp[ the l’rolx symbols data, combine
(IK tllrct  rcmivcd coj)ic.s  oblaincd  via Lhc CI)S hlI{Os (o
Imducc a sing]c, “bcslcd”  copy, and 10 Cxpalid lIM “bcs(cd”
copy into IIIC. original }’robe dam format. ‘I”his allows IIm
original 1’} ’01 i sof[warc 10 process bolt] tlm l’robe. symbols
data floin CIXi nmllmry al)d (Im full }’[obc, da[a sc.1 rctu[flc(i
f] oln [hc IJMS rccordcl.

&q__l:hasx  2

‘i’hc ohjcclivcs  of lilt l’llasc  2 modifications arc [0: 1)
illcxcasc. scicncc, information dcnsily of li]c dowlllilik  usirl~
colnI)rcssiml  and ol]boar(i procc.ssing,  ‘2) i(lcrcasc  lim

n[]nli)c,r  of downl  ilk data ralcs  and mo(ics  in order to utiii~,c
link capability cfficicnliy,  3) incorpomm  a(ivanccd coding
mhni(iuc.s  to incrc.asc (clcmcwy  rcmrn,  and 4) incrcasc.  the
aciuai or cffccbfc  l)SN apcrwrc  and sensitivity for Galilcm.

l’imsc 2 illvolvcs  lnorc.  cxtcnsivc  changes to both
space.craft and ground syslcnls  than ]’hasc ]. Spacccrafl
systc.ms  bc.ing mo(ii ficxl include most sc.icncc. inslrunKnL$,

Cl )S, and the Atlitudc and Arlicrrlrttion  control  Systc.m
(AACX).  Ground sys{cms  being modified include most of
tile Gai ilco Pr[)jczl-specific ground data syslcm,  tile
hfultimission  Ground l)am Sys[c.m (MGIM), an(i (11c  IXSN.
lhcsc changes ailow cdiling  and compression of lhc scicncc
a[l(i  c.ngilmcri[lg  (iata  slrcams,  and provide. a fairly complex
buffering mcchanisnl  10 manage the flow of data from rcal-
tilnc  SOUICCS  all(i lJMS rccor{icr playback illlo k dowalirlk
cimncl.  A fun(imc.r]mi cimgc  from ‘1’im  I)ivision
hful[ip]cxcd  (II )hf) downlink to packclizcd  tclcnlclry is
also being nmtc [o make cfficic.n[  USC. of the. downtink
charmc.1  with variable packc.[ sizes which rc.suit from
varying da[a con~l)rcssion results, and 10 provide flcxibil  i[y
ill sc.lcc[ing  wtlich dala is to bc irlcllldc.d in lhc, down]ink.

(Jnlikc, ]’ha$c 1 sof[warc changes, }’ilasc  2 soflwarc
changes arc. cmllplcx c.nougil  (ilal  tile.y wiii rc.quirc bringing
dowo CI)S onc string  al a time while the ncw fligh[  soflwarc.
is loa(ic4i. AACS soflwarc changes can bc patched into lhc
om]inc.  and off-line. memories witilout  interrupting normal
AA(;S opcmticrns.

8.4,1 SI)acccraf[  Sofl\\arc~il.angcs

l:igurc 19provi(ics  anovc.rvicw  oflhcllcwPhasc.2
spacecraft soflwarc.

}iigll[  out of clcvcn scicncc instruments arc bcillg
Ino(iificd  to change lhc.ir functionality to bc compatible with
tilcncw s~)acc.crafi  capat)ililic.s.  I~DS, I;1’D,13UV, MAG,
N1hIS,  P1.S, SS1, and UVS all rc~uirc fligill  soflwarc
ci)angcs;  111~, PPR, and I’WS do not. l)c.tailsofthc
cilangcs to [IIC scic.ncc. ins[rumcnts  arc beyond the scope of
[his i)a])cr.

Ncw ca]mbili[y  is being provided in C1)S to COllCCt dii~
from each of tile  modified scicncc  ins[rurncnls,  [o edit (i.e.,
throw away som  of) c.acil dala stream, to assctnblc  tim data
irllo]Jackcls,  toasscllil)lc.  ]]ackctsi ll[oVirtllalC  tlarlncl  Ilata
LJni[s (V~i)LJs),  arl(i K) slorc tlio.sc  V~IJLJs  in a mrrlti-usc
t~uffcr forla[crdmvnlink.  };ig~lrc  20silowJst llcswucll)rcof
lmckcrs, VCI)US, arid }~ramcs (whici] wiil bc. discussed
]a[cr). “1’at)lc4 stlc]usI ilc.ciglltVi r[tl:{lCt  larlrlclll  )assig[l-
nwrlls.

llcymld [hc ]Moccss of colicc[ing  tl]c da[a into Vr21)Us
as dc.scl-ibcxi  nbovc, c.crlain ad(ii  lional  irlslrllrlJcrll-sIJclific
i)roccssirIg  ist)cil~~:  i(l(ic.(l(  ()[ilc.C  I) Sort  ilcAACS. Real-
time da[a s[rcam processing, (cdi[ing,  sunlrning,  or otiicr
ins~l  rrnwnt simific ]mc.c.ssillg)  is being Imvidc.d for Nlhf S,
UVS, hlAG, 1’1.S, I;i’1>,  1)1)S,  }IIC, I’\VS  lcrwJ-ra[c,  and SS1
(for OIJtical  Navonly, asdcscrit~cdl  atcr). l)h4Stapc.
rcc()r(icrl  )l:~yl):ick]  )lc)ccssirlgi  st)c.irlgl  )1-()\ 'i(icLiforSSl  (ali
in~a~cs), NIh4S,  I’I’1<, lJVS, and 1’WS lligil-rate.
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IJigurc.  19. I’lmsc ? S~mxxraf(  IJcsigll  C)vcrvicw

1 ELEMETRY FRAME (ONE (1) R/S CODE BLOCK PLUS SYNC MAFIKEFl)
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VIRTUAL
CHANNEL

IID

(3)
: k*~=T==lIkPoy:m VCE)U DATA (CONTAINING PACKETS)

F’ACKET

F) ACKEl

1 IME APPLl- F=oFr- PAC- S;: cylg
INC1 DE :;AT ION MAT KE1”

INSTRUMENT SCIENCE DATA USUALLY COMPRESSED AND STATUS

FLAG KET
(A%) (O 8) ($x:) & TIME

CONI LNT DEFINED BY INST}{UMENT

(200R?8)
CON_l LNT INDICAIED BY PACKET TYPE

(1)
‘ 7 ) (8 OR 6 TOTAL) ‘ 8 ) 240n32) INSTRUMENT DATA PORTION OF F’ACKET (APPROX 100-40913 BY1 ES)

l;igurc  20. (;alilcxr  Paclm ‘1’clc.rnc(ry  IM[a Smc(urc
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‘1’able 4. Virlwrl  C%annc.ls

Priority l)ata (lll~ginccring  and OPNAV)
Real ‘1’ime Scicmce  (1<”1’S), 13uIst  to Buffer
Playback Ilata, IIurst to l’apc
Record Rate Change I)ata
Spare
IIuffrx IluInp tO ‘1’apc. Real ‘1’imc Scifmcc (1{”1’S)
]Iuffcr l)utnp to ‘1’ape.  Playback l)ata
IIuffer lhmJ) to “1’apc. Rccml Rate Change  l>ata

— — - .

1 Ma compression is being provktcd in lwo forms.
I:irst,  an 8xt3 lntcgcr Cosim l’ransform  (lCT) comprcssiml
algorithm is being in~plcnmlwi  in the AA(H3 as a back-
ground task that will process I’WS low-rate data in real-linw
an(i wiii process SS1 J)]aybaCk images fast cnougi]  to keep
up with Lim 7.68 kbps IJMS rmmicr  playback ralc..  ‘1’wo
a(iditionai  mo(ics  of tile aigoritim  wiii  aiiow lossicss
compression using a 1 luff man algorithm, or wiii allow lhc
(iam to bc rchmmi  to ax wiliiou[ being comprcssc.(i.  Om
limitation wiiich rc.suits  from doing lhc compression in [i]c
AA(Xi  is that AA(X must suspend processing of the gyro
an(i accc.ic.romctcr  data in or(icr  to have h lirnc avaiiablc.  10
support lim compression processing.

SccoII{iiy,  NIMS playback (tara wiil bc losslcssly
comprcssc.(i  try C3X using  tim Rice aigorilim (l<cf. 1 0).

I mslcxs ccmprcssion,  allhough originally plannc.(i  for
all mri-lime and playbaCk low-ralc Scicncc data, was
rcmovc(i  from tile cicsign (cxccp[ for SS1 and NIMS as
mcntionc4i  above.) in prcfcrmcc  for higher priority scicncc
processing capabilities wilicil were compc.li[lg for llm same.
avaiiablc.  memory rcsourccs.

‘i’hc ICI’  compression algori[iml  is “lossy” in lhc. scmc

til:il  some inforlnation  in the originai  ciata stream wiii  bc

lost ‘1’hc. 1(-”1” wili compress SS1 images [0 achicvc target
compmsion  ratios of belwccn  5:1 and 40:1.

ACtUa] compression ratios obtained for SS1, I’WS, and
NIMS will dc.pc.nd upon lhc characteristics of the images
being conlprcssc(i,  making the actual amount of data
imduccd  by processing (1IC raw data from each of these
instruments variabic  and somewhat unprcdic[ab]c.  ~“his
variabiii[y  is casiiy  accornmodatc.ci  by the ncw variablc-
lc.ag[il packets.

A ncw Oplicai Navigation (OpNav) capabii  it y is being
i)rovidcd  whici] wiii yictd  OpNav images edited 10 rcducc
[he, volume of da[a requircci to rcmn the irnagc by a factor
of 300 [o 500. ‘1’his method (Fig. 21) iocam the limb and
terminator of a Jovian sa[cllilc  by taking strips aiong the
cxpccicd location of the. moon, computing Ii]c ccn[roid  of
lhc salcllilc.,  anti then collecting 2.0x20-pixel square regions
arou ad prc,scicttcd  offsm from Li lis ccntroid where target
s[ars  arc cxpcctcd  to bc located. These mail portions (strips
and square.s) of lilt, SS1 frame arc rclurncct to tile. ground and
rwonslruclcd  inlo a standar(i  OpNav frame by lilt
hfultinlission  lrnagc Processing Systcm (MIPS). ‘I”his
OpNav aigorilhm  can opcralc. on either real-(imc SS1 imgcs
or on rccordcd inlagcs.

J;igurc  21. Op[ical  Navigation lkiilor
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I)uring cmountcrs  and at o[hcr SCICCMI times during
cruise bclwccm  cncountc.rs,  data will bc collcctcd from Ihc,
inslrumcn[s and s[crrcd on Ihc IJMS [ape rccordcr  for later
Imccssing.  Processing of data from [hc I~MS rccordcr
playback includes ncw capability 10 i(ic.ntify  rccordcd  dala
by source, pcrfonn lossy  ICI’ compression on SS1 dala in
rc.al-lime during ]Jlayback  using {hc AACS mmputcr  as a
co-processor, and store other playback rtiw data into lIIC
mul[i-usc  buffer for lalcr  CDS processing. q’his other
playback da[a in (he. buffer will bc cdilcd, packclimt,
assc.mblc.d into  VCI)US, and stored in lhc. mul~i-usc  baffcr
for ]atcr down] iilk.  ‘1’hc.  (tcsign inc]udc.s  the capabil i[y to
(icsc]cc[ any daki 011 (}IC  rccordcr  during J)hryback,

1 ‘i flccn record formats (8 old, 7 Jmw), mid nine real-
time fmnrrts  arc being Jmvicicd  (0 support  the ncw mission
capabilities. Although dc.tailed dc,scrip[ions  of [hcsc fonna[s
arc. bc.yond  lllc scope of this  pa})cr, ‘I”ablc 5 SIIOW5 lhc 15
record formats wilt) brief dcscrip(ions  of lhcir function, and
‘1’able. 6 shows k nine mrl-time. scic.nc.c formals, [Iwir  bil
r:i[cs,  and lhc. allocation of (hose bil ram 10 individual
scicrlc.c inslrumcmls.  Cap:ibilily  is providc41  for dcsclcclion
of any data from bolh the real-lirnc and rccorri da[a streams.

~’wo o(llcr spccitil  da[a-handling functions arc also
]movidc4i.  ‘1’hcsc  arc IIuffcr I}ump 10 l’apc (lIIY1-l’)  and
l<ccmd Rate.  Change Coverage (RRCC).

111  Yi”l’ is used for planned downlirk oulagc periods to
allow maximum c.onliauily  of real-time low-ralc  scic.nc.c
collc.ction.  Ihring these, planned ctownlink  outage, lmriods,
whc.n  tllc.  buffc.r fills up, il is (iuII)pc4i  to [IIc. I)MS tape

rcc.order. Scparm VCI)Us arc used 10 hold this data 10
allow’ c.asy merging wi[h olhc.r  rc.al-time data onc.c this ciala
is rc.turnc{l  to the ground, which may bc many weeks lalcr
than real-tinlc data which was not r.iumpcd to tape.

RRCC is used during IJMS rc.cord  rate change.s. When
[tic. lapc, rc.corder mode chrrngcs such that the. ralc. lha( data is
bc.ing placed on the IJh4S  charrgcs,  up to several seconds of
record da[a would bc lost wi[hou(  this capability. ‘1’hc
RRCC builds a VCI)U continuing data during this chmgc
I)criod  and inserts i[ into the multi-use buffer for downlillk
with tl]c real-time [iata. ‘Ihus,  this da[a n~ight  arrive weeks
:ihcad of related data lh:il was slorcd  on lhc. l)h4S tape

rccordc.r. ‘J’hc sc.para[c VCIJU allows this (tam to bc. easily
fia~gcd for mcrgiog with the DMS rc.corder (iat:i wllcn it is
finally (Iownlinkcll  [o the. ground.

All da[a, whc.tlicr real-time, I)N4S tape rccordcr
playback, or onc of the lhrcc special funclions,  cvcmlually
cuds  up as VCI)LJS in (I)c multi-use buffc.r. As downlink
calml~ility allows, a l~ramc Iluil(ic,r in (IIC CIJS Rccd-
Solomon cncodcs and assc.mblc.s  these VCI)LJS  (four at a
lilllc)  irlto 20-18 byte frames. I’tmc frames arc. passc41
lhou@l a sof(warc  convolutional (1 1,1/2) code.r in the. CI)S
Ixforc  being passe.d to the ‘1’clcrnc.try  h40dula[ion  l]ni[
(’1’h4[J)  in IIIC. h40dulation  l)crnodula[iol~  Subsys[cnl  (MI)S)
wtlcrc [Ilc data is harxiwarc c.oilvolu[iollally  coded (7, 1/?),
yicidin~ an cffcclivc.  (14, 1/4) c.onvolu[iol]al  code, and
pawc41 10 Ihc. Radio l;rc4]ucmy Subsys[cm  (1<} ’S) for

downlink to carlh at S-band frc.qucncics (roughly 2 G} IX)
via the spacecraft’s 1 KiA,

As in Phase 1, the.’1 ‘h4U iS operated wilh no residual
carrier and with ttlc low-rate (22.4 kl 1~) subcarricr.

Ilownlink is accornplishc.d  al one. of eight fixed
tclcrnclry  da[a rates. l’hcsc. ralcs,  measure.d after lhc }Uzd-
Solomon cncodil)g  but before any of the convolutional
c.ncwiing, arc 8, 20, 32, 40, 60, 80, 120, and 160 biL$ pcr

second (bps). ‘1’hc. symbol ra[c in the downlink  channc] is
four times the. da{a ralc, due. to the (]4, ]/4) convolutional
cmoding. Ra[cs availab]c  for inclusion in this scl were
Iimitcd  by the. CI)S hardware and lhc chosen franw size.
“1’his  particular set was chosen 10 provide. llIc ability 10
utilim  roughly 85 pcrccnl  of the. [hcmc.[ical downlink
channel capability ovc.r lhc life of the. mission.

As sliown  in ‘1’able. 7,90 (iiffcrcnt  CI)S l’clcmctry
Mo(ic.s plovi(ic  a variety of combinations of OIIC. c)f the. ni(m
real-lirnc scicncc  formats an(i onc of lhc two cnginccring
ciala ralcs ( 2 bl)s or 10 bl)s) for caci] of tile cighl tc.icrnctry
bit ra[cs witil  lilt  baianc.c of tile bps capacity  usc(i 10
(imvniink  tape piayback  data. IX~willink  ra[c.s tha[ arc,

siowcr li~an [hc coiicclion rates (coiurnns  3 or 4 larger than
tile  tclcmcwy  raw) tend to fiii ti~c. rnui[i-usc.  buffer; (iowld ink
ra[cs Lila[  arc grc.a(cr tim the colicclion  rate.s (columns 3 or
4 Icss tilan tile tclclnc.try  rate.) tcmi to c.mply tile. buffer.
I)csclcclion  of an instrument from Lilt real-time tclcmctry
strc~qm silifts  this balance. in favor of cmp[ying the buffc.r.

I’hc long-tcrnl  average collection m[cs after onboard
processing Inust bc ciosc  to being c~oai to tile long-term
average downiink  r-ate. ‘1’his  Iong-term avcragirrg must bc
conlmllcd  by the ground scqucncc  cicsigncrs.  If liIc coiicc-

tion rate is too iow, (iownlink  capability is wastc{i.  If tile
collection rate is too i]igh, ti)c [iata cannot aii bc. rcturnc.d.
Ncw groull(i  systcm tools arc being dcvc]opcd  which wiii
rriimv sc.qucncc. dcsignc.rs 10 mode.1 and oplimizc  tim balance
of collection vs. dmvnlink  capabilities wimn cicsigning  c-acii
an(i cvc.ry spacccraf(  cncountcr  and cruise sc.quc.ncc.

‘1’hc originai  spacecraft (ic.sign providc{i fuiiy  rc.dmiant
subsyslcrn cicrnc.rlls  for aii mission-cri[icai  functions. ‘I”his
rc~iundancy  is rc[aincii  for aii cxccpt tim nc.w capabiiilic.s
(icscribc{i  in this paper, wilich  arc. not rc~iundant. Si~oui(i  a
C1)S or AACS faiiurc  occur, execution of the nc.w capabiii-
tic.s wiii bc suspcn(icd  anti ncw soflwarc  ioads wiii need 10

bc dcsignc{i, dcvciopc{i,  an(i loaded onto the. spaccmaf[  in
or(ic.r LO con[inrrc  wi[il tiw coiic.ction  of scicncc  data. Safety
of Ihc si~acccraf[  will, i]owcvcr,  bc assured througi)  the
Cxisling  Subsystcnl  rc.(iundancy  and cxisling  fauit-prolcc[iorl
sof lwarc..

‘1’wo o[ilcr minor cimngcs  arc aiso being rna(ic 10 tile
space.craf~ soflwarc., “1’ilc tlo-byte. Mi{O pmvicicd for [he.
Pimsc. 1 porlion of tl]c mission wiii bc rcslorc.(i to tim
crriginai  32-byte MI<() formal. A(iditionaiiy,  fixc(i tc.icmctry
cimncis wiii bc. rcmsigllc4i,  as lticy were in Pilasc.  1, [0
i)roviric.  improvc(i  visibility in[o tim operation of tlm new’
l’lmsc.  2 cal)abiiitics. “1’i)csc  inclu(ic  var-iabics  for uplink
cornlnan(i  verification an(i for nwni[oring ti}c  state of [im
ll)Ui[i-USC t) UffCr.
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Status l:unclion

NljW

EXIS’I’ING  (l: ROM 01)

NEW

N1iW

7.68 KIVS RIKX)RI)lNG  01’ NIMS 1,1<S DATA

7.68 KIVS I{l:CORI)ING OF PWS ANI) LRS I)ATA1,1’W

lS)IJ 7.68 KIJ\S R1:CORDING  OF NIMS }’1,11S LJVS & P]’]

MSI, 28.8 KI{\S RF, CORI)ING OF SS1, & 1,1{S I)ATA

I; XJSTING

l; XISTING

806.4 K1l/S RIH)RDING  OF SS1, NIMS, I,RS

A18 806.4 KIVS RIiCORI)lNG OF SS1, NIMS, 1,1{S I)ATA

IIIM l;XIS’1’lNG

liXISrl’ING

I 15.2  KIUS RI; CORIIING O1; SS1, N] MS, 1,1{S

lIPW

MPW

806.4 KIVS RI: CORI)lNG OF SS1, N] MS, 1,1{S

liXIS’1’lNG 28.8 Kl{/S RI;CORI)lNG OF SS1, NJ MS, I,RS

111’”1’
(1’1’1<  }] LJRS’I’

M(IIIE ‘1’0 TAPli).—
Ml’]’

1M4

7.68 KB/S RliCORI)ING OF PI)]<N1lW

.—
l; XIS’1’ING 28.8 KIVS RliCORI)ING OF }]WS & I,RS I)A’I’A

403.2 KI1/S l<lKX)R1llNG  [)1: SS1, N] MS, 1,1{Sl:XIS’1’ING

1?1s1’ N1;W

N1;W

7.68 KIVS VC1)LJ  I)ATA FROM MUL’I’I-IJS1;  RLJITI;I;

1 ICA 115.2 KWS NIMS, I,RS, & SS1 I)ATA

1 IMA NEW 114.2  K1l/S NIMS, 1,1{S,  & SS1 l)ATA

‘1’able. 6. Scicnc.c Ihrma[s

zTTTTEIT:. :::. ““s “N’S ‘Acs

—— —.
= ‘1’otal  Real-3’ime

-“ l----------

Sciencc I)ala Rate’+
w /  IIIC w/ luv-.—

--- t ._. _ ;:::--- ._..– . . . .. . . .

** 11[(:  and llW cannot  both  be inclu(iccl  in a format at the sarnc~ time, aIld one 0: the other w i l l  a lways

be cic’sc’lccled ,
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‘1’able 7. Phmc 1 Ground Systc.m

EEl!!!T(bps) FOrnlat ~, ~lc

2 A 25.0

2--- B 26.1———
2 c 37.9

2 D’ 40.2.-. _ _ _ _
2 ‘E 71.6—
2 F 79.8

2 G - ‘108.9

2 }{ ‘<39.1

2 i 178.7

10 A 33.2

10 B 34.4

10 .&._ _____46.2
10 E) 48.5-— ..— ._
10 E 79.9

10 F 88.1.-— ———
‘ - l o G 117.1

10 t{ 147.4–—.
10 I 187.0

— . . .. —-
40 B“” 65.5— . . .

mbined
E

WI EU\

37.9

49.5

80.9

108.9

——

46.2-

57.0.—
89.2—-. . __

117.1

0

=

8 20

Al 1 AL2

BL2

1 elemetry  Rates (bps)

-3
CL1

E.L1

F1.1

CL2

E)l 2

EL2

FL 2

G1.2

HL2.—

Atll 1--”--Al 12

I-.

-J-”---”--Ct”il ct12

32 40 60 80 120 160

AL3 AL4 A1..5 AL6 AL7 AL8—.. .—
13L3 BL.4 “ BL5 BL6 _BL7 ‘“ -

C13 “-”cl 4 “- c1 5-- C1.6 CL7 - CL8

DL3 E)L4 ““-” ‘“”DL6DL.5 DL7

EL.3 ““ -  E“Li EL5 EL6 ““ E’L7 EL8

F-13 ‘ -  FL4 FL5 -  FL.6 FL7 FL8

GL3 GL4 GL5 G16 GL7 GL8———.
I IL4 HL5 t IL6 tiL7 tlL8 -

11.3 IL.5 IL6 I L7 IL8. ——

.— - . ..—. .—

—.
At 13- A H 4 ““” AH5 At{6 At {7 AH8

cl 13 c} 14 CH5 C}16- Ct 17 ct,18-—

—.—
Eli3 Et {4 EH5 E{ti6 EI{7 E:}{fj

—. —.——

I“OTAL TEKMETFTY MODES: 90

‘Combined telemetry bit rate includes engineering data editing (1 : 0.89), packet overhead (1 : 1.018), and F?+
overhead (0.875:1  ).

F ngincering data rate is a collection rate, RTS and MC.S data rates are after all editing and compression
algorithms have been applied.

1 clcrnetry bit rates are counted after frame construction and contain RS overhead.
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jj,4 .?. Ground Sysmn Chang~S

l~igUI-C 22, shows a hi.gh-lcve]  overview of lhc (iround
I)a[a S yslcm (G I) S), l’his  sys(cm is made up of Galileo
I’frrjcc[-specific GIXS (1’GIJS),  dlc MG1X3,  an(i IMN
Clcrml[s.

All clc.rnc.nls in tile GI)S must acconmmiatc  LiIC ncw
cia[a rates and tile ncw packcl  [clcmclry  fomal whici]
rcpiacc, [hc’1 ‘IIM for!nats  usrxl ui) un[ii  the. I’ilasc 2 soflwarc
is uj)ioa(iczi.  ‘1’ilc originai  T’I~M Jnmics  for 10 anti 40 b]M arc
1ckri11c4i (o acc.c)slltllcxi:i[c.  c.oslllllllllicaliorls  in a spacecraft
fauit-rc.covcry con(iition,

All clcmcnts  of the, GIXi  musl  also accon}n~o(ialc,  a
guaran[oxi (iclivcry syslcm of (iaw lransfcr  through tile
G1)S Ilc.lwork Cicmcxlls.  ‘Ibis guaranlccd  (iciivcry  syslcm is
Cximc[cxi  [0 u[iiim a slandard  protocoi,  wilicil  will rwiucc
Ilclwwrk crlors  10 icss  [im onc in 10’. ‘1’ilis  iow error ra[c is
Ilccc.ssary  to acilicvc. tim ovcrali (iownlink c.rror ra~c.s rmzcic.fi
10 :Icco[rltllc)(i:ilc lilt  i)ianncxi usc of ciala cornillcssion.

“1’hc l’Gl )S m usl prcrvi(ic [oois  and procc(ium r]c.cdc(i  10
o~)c.rate lhc ncw s}]acccrafl caimbililic..s. “1’imsc inciudc. ncw

Imxiic(ion [OOIS which wili aliow scqurmc  designers (o
prcdicl tlIc Condition of [ilc rnuiti-usc  buffer anri to rnana~c

(tic I)MS rc.corxicr L?pc ailoc.ation.  l’hcsc.  tools arc nccdcd
to ensure tilal sc.qucnccs  for lhc. spacecraft coliccl oniy so
rm]ci~ data as can bc fit into lhc available downlink. ‘J’his
ovcrali rlowniink capability varies daiiy as (1w rotation of
the ];ar[il brings diffcrm  I)SN antcrmas  into spacecraft
viewing i)osi[ion  wilh caci] orbil, since orhi[s  arc of diffc.rc.nt
duration, and wili) ihc spacecraft-to-Harh range which
varies bccausc of ti]c Iiarli~’s  motion about Lilt Sun, Table 1
silows iilcsc Imran]clcrs  for each of [lIC Jovian piancblry
c.ncountcrs.

Addilionaliy, lhc }’GIX provides lhc commands
ncc.cssary 10 oi)cra[c [ilc ncw spree.craii cai)abii  ily and
provides ti)c (iownlink  sof[warc ncccssary  to proc.c.ss  and
(iislribulc  lim (iala 10 Lllc cn(i usc.rs of timl  information.

T’hc h4GI)S  wiii implcmcnl li~c (icco(icrs  an(i
dccomi)rcssors  ncccicd m invcrl the proccsscs  used on the
si)acccrafl.  Spc.cificaliy,  a convolu[ionai  dccocicr rnusl  bc
l)rovi(icLi  10 accommoda[c the (14, 1/4) code whiic  rc[aining
[i]c NASA standard (7, 1/2) code wilicil is used for tile two
“1 ‘IJM modes invoked during fiillll-~}rolc.ctioil  response., a

—.. —— —_.._.- ——.. — —. — ——

[EN:
● S-BAND ULTRA cONE  AT” CANf3ERRA
● ADvANcED  DIGil AL RECEIVERS Al ALL Sl”ATiONS
● FiJ[_L sPEc~~{iJM  cOMBINER  AND FULL. SPECTRUM RECORDERS Al” EACt-

SITE FOR GAP FILLING
● E[{F<OF{-CORREC1 ING []~COD[~  (14, 1/4 Vil EF{BI,  DEp~t+ 8 R-S)
● ACCOMMO[)AI  E UP TO 6 f)Al”A HATES PER PASS

M~DS:
● ACCOMMODATE GALIL E O PACKEl  17ED 1 EL[’MEI  RY
● IMPLEMENT NEW 1 E[. EMETRY FORMAIS
● 1 LM DECODER & [ OW-FIAl E PWS DECOMPRESSOR
● MUL1 IMISSION iMAGE PROCESSING SYSIEM  (MIPS)

-PACKE1 S, OF’-NAV EXF’ANSION, AND SSi & NiMS DFCOMPRESS1ON

PFiOJECT-SPECIFiC:
● PACKL1  1 EL. EM[. 1 F{Y PROCE SSING
● COMMAND DAIA BASE  N[-W  COMMAND [)[-FiNil”i ONS
● SF+ QLJ[+JCING  FOF{ NEW SF’ACI. CI{AF-1  CAPA[31Lil  iES

SCI[ NCE:
c SCIE Nc~ VAX cl lJS_J [’Fl-SF’lc[:  ACCOMMODA1  ION OF N[.W 1 El [- METFIY

. . ——. . — .—

l:i~urc 2?. l’hasc 2 Ground  Syslcrn Iksigll Overview
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and (;ol(ls[orlc-~:arlbc.l-(-a  arraying will bc provi(icd.
IkJX1-SOlOnlOn  dccodcr  which can handle the in[crlc.avc.
clcjJll  I cighl  an{i wrriablc-lcnglil  rc<iunciancy  co(ics  u.scd in
each (iownlink fram, and a cicc.crmprcssor  mus[  bc J)rovidcd
for tim ICI’ and Ric.c compressors. ‘1’hcsc  wiii aliow tile.
MG1 )S to {iclivcr cicmxicd  arl(i dccornprcssc(i  data to [lIc.
l’(il)s,

‘1’ilc lMN m]uircs scvcmi cimngcs [O suiy)or[  tile ncw
c(l]llill[lrlicaliorls capabililic.s. ‘1’hcsc  inci udo ncw rcccivc.rs
cal)ablc, of rcmiving  lilt suppressed carrier signais  from lhc
spacccraf(,  cmilanccd  S -banci  mcption, the abiii[y  [o array
rnui[iI)ic antennas, and 1’scrr(io-Noise (} ’N) RanEing.

‘IWO apprmrchcs  to advanced rccc.ivcrs arc being
purwcd  in para]lci.  I]oth wiii  bc provi(iczi  [O sui)por( the

(M)iial Opcralions  mission.
l“hc first  of Lime is a ncw Riock V rcccivcr  (lIVR),

wi]ich is an ali-har(iwarc  (iigital  m.civcr, followc~i  by a
symboi  colubincr  to c.ffcct ar[aying.  l’ilis rcmivcr  is

instalicd  ai each DSN anb.mna and is capabic  of locking
onlo arl(i  tracking tile carric.r ar]d/or  subcarricr  and symbol
slrcan~s in [Im downlink  (iata, wili] or wi[ilou[  a carrier being
prcsc,nt,  I’hc scconrt  approach is a software digitai  rcccivcr
cal ic.d  a I ‘uil s}~.clrunl  ~ombincr (}:S~)  ]malcd  al the.

Canbc,rra complex coui)lcd  with a I;uil Spc.clrurn Rccor(icr
(1’S1{) localc(i al each station.

“1’hcsc  lwo advanced rccc.ivcr approaches i~roccss tile
rcccivcd signals diffcrcntiy.  ~’hc DVR approach uscs the
frrli spcclrai  con[cn( of lhc incoming sifylal  at each s[aiion
for signal dc[cclion  and uscs post-dc[cction  combining to
accomplish arraying of signais  from mul lip]c an[c.nnas.
Since it dcpc.nds  ui~on valid syrnboi  s[rcams from each DVK
[O cffccl combining, loss of IIVR lock for any rc.ason  results
in gaps in [i)c dam.

‘Jhc  l~SR/l~SC approacil  uscs prc-dc[cztion  combining
of signals from each antenna, but only uscs tiic first  four
imnnonics  in tile signal from cacil antenna. “1’ilc  IiS]{
provide.s rm.ording  of [ilc signais  from czrch  antcma  prior to
detection, providing tiw capability to fill in gaps whici]
occur during li]c signai  acquisition process.

“1’hc RVR wiil Ix uscxi for normai  prociuc[ion  process-
ing of rcmivwi  data and the I13R/I~SC wili bc used to fiii in
any ga])s in ti)c IIVR data,

I~rlimlccd S-band rc.cc.p[ion  is being providc~i  by tile
illsiaiiaiion  of an S-band ultraconc on lhc Canberra 70-111
anlcnna. ‘l”ilis  uitraconc  iowcrs lilt  Canberra 70-in noise
lc.rniwra[urc  from 13.6°K to 10.5°K, providing rougilly
1.1 dIl in~provcn~cnt  in tiic cilannci  ]]crformancc  on the
anicnna  with tim iongcst  space<.rafl view pcrio(i  (abou[  12
ilrs (iaiiy).

‘1’im  Ilorninai I)SN an[crllla configuration wiii change
(iuring  ll)c lnission, I)uring tile firsl  orbit, oniy tile. lllrc.c 70
rn antennas wiii  bc avaiiabic.  ‘I”ilc uilraconc  wiii  bcmmc
availabic  at Canberra just before tim G 1 orbit.  I:or tile
rcnlain(icr  of Ii]c mission, li]c lhrcc 70 m antennas, li)c
uilraconc  at Canbc.rra, three Canbcma  34-m alltc.nnas (S”1’1),
1 li;i~,  al)(i  IIWG), incio(iirlg  the rcquisilc.  irllra-si[c  arfaying,

“1’hc  l’robe I)ata  Pmlcc[ion arl(i  lhc orbi[ai Operations
require substantial cimngc.s  to both spacccraii  systcrns  and
groun(i syslc.rns in orcicr to accomplisil  the (ialiico  mission
using the scvcrciy  iilnitc.(i  downiink  capabilities of ti]c I.GA.
‘1 hcsc capabiii[ics,  wilicil  arc. now wcli aiong in dcvclop-
mcnt, arc cxpcc[cd to cnabic  ti}c accornpiishmcnl  of a[ lcas[
70 pcrccnl of lim ori.ginai scientific objc.ctivcs of lilt Galii~o
mission.

‘1 ‘he (icsign (ic.scr  ilmi in his paper rcjjrcsc.nls  h
combined cfforLs of hundreds of scientists, cnginccr-s, anti
sul)l)ort  personnel, without whose cfforl  ti)c many concepts
and comi)rorniscs  nc,cdcd to acilic.vc  tilcsc  designs would UOI
ilavc bcm i)ossibic.

‘i”hc research dcscribcd  in tilis paper was c.arricd out by
the Jc.t l’ro~mision I aboramy,  ~aiifornia  lnsti~utc of
‘1’ccilnoiogy, under a contrac[ w’ilh lilt National Acronau(ics
and Spacc A(irninistratiorl.

Rcfcrc.ncc herein to any specific commc.rciai produci,
procc.ss, or scrvicc  by tra(ic narm, trade.mark, manufacturer,
or otilcrwisc,  dots not constitute or imply its cmiorscmcmt
by tiIc Unitcxi  SLatcs Govcmmnt  or the Jet Propulsion
1 aboratory,  California Ins[ilutc  of ‘1’ccimoiogy.
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